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Abstract

This report identifies trends in land, water, and commercial input use, reports
on the condition of natural resources used in the agricultural sector, and de-
scribes and assesses public policies dffatt conservatioand environmental
quality in agriculture. Combining data and information, this report examines
the complex connections among farming practices, conservation, and the envi-
ronment, which are increasingly important components in U.S. agriculture and
farm policy. The report also examines the economic factors ffieat eesource

use and, when data permit, estimates the costs and benefits (to farmers, consum-
ers, and the government) of meeting conservation and environmental goals.
The report takes stock of how natural resources (land and water) and commer-
cial inputs (energy, nutrients, pesticides, and machinery) are used in the
agricultural sector; shows how they contribute to environmental quality; and
links use and quality to technological change, production practices, and farm
programs.

Washington, DC 20005-4788 July 1997
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Preface

This 1996-97 edition oAgricultural Resources and Environmental Indicators

(AREI) updates information provided in the first edition published in December

1994, and expands coverage to include more detailed data and analysis on resource-
conserving production practice®REIltakes stock of how natural resources (land

and water) and commercial inputs (energy, nutrients, pesticides, and machinery) are
used in the agricultural sector; shows how they contribute to environmental quality;
and links use and quality to technological change, production management prac-
tices, and farm programs. Our objective is to provide a comprehensive source of
data and analysis on the factors that affect resource use and quality in American ag-
riculture, and information on the costs and benefits of improving the quality of the
Nation’s resources.

Because environmental indicators are used for multiple purposes, no single set can
serve all needs. Uses of indicators range from identifying specific resource prob-
lems at local levels to providing national assessments of broad aggregates to
judging the effectiveness of specific conservation and environmental programs.
Most indicators are devoid of economic content: they are primarily physical meas-
ures. But indicators can also be constructed and used to help identify cost-effective
solutions to solving resource-related problems and to help answer questions about
whether we are using natural resources efficiently. For example, water quality indi-
cators may point to a reduction in polluting chemicals in a lake or stream, but it is
also important to know the costs associated with achieving such reductions and the
value of the benefits provided by the cleaner water.

By focusing on the economic dimension of environmental indicatdR&fills a

unigue niche in the indicators literature. Unlike other indicators regdRE] is

not a monitoring report in the sense of establishing an environmental baseline for
interspatial or intertemporal comparisons of physical measures of environmental
guality. InsteadAREI focuses on examining the complex economic links between
agricultural activity and environmental performance and on assessing the costs and
benefits associated with changes in resource quality.

Like the first edition AREI 1996-97egins with the two major agricultural re-

sources, land and water. We examine both the quantity and quality of land and
water, the factors that affect their use, and the value (market and nonmarket) associ-
ated with each. The subsequent chaptersmeacommercial inputs used in
agricultural production with a special emphasis on how input use affects the quality
of land, water, and wildlife habitat. We then turn to a set of chapters that examines
production management practices. Here we focus on describing the factors that af-
fect the adoption of these practices and examine how these practices can use
commercial inputs more efficiently and result in less damage to water and land re-
sources. These chapters are followed with an overview of agricultural technology
development, which focuses on how new technologies are developed, what public
policies encourage development and adoption, and how technological change is an
important factor in meeting conservation goals. The final set of chapters is devoted
to conservation and environmental programs with a particular emphasis on water
quality programs, the Conservation Reserve Program, Conservation Compliance,
and wetlands programs. Our goal is not only to describe the programs but to exam-
ine the associated costs and benefits to farmers, taxpayers, and consumers.

To facilitate the use 0OAREI1996-97 we have provided an appendix that describes
the agricultural resource surveys and data used throughout the volume, and a sub-
ject index. Most chapters also contain a listing of related recent ERS reports.
AREI 1996-97s also available on the ERS homepage at http://www.econ.ag.gov
underBriefing Rooms
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Agency Acronyms Used in This Report

ACE U.S. Army Corps of Engineers
CRS Congressional Research Service
EPA U.S. Environmental Protection Agency
GAO U.S. General Accounting Office
OMB U.S. Office of Management and Budget
USDA U.S. Department of Agrialture
APHIS Animal and Plant Health Inspection Service
ARS Agricultural Research Service
CSREES Cooperative State Research, Education, and Extension Seryice
ERS Economic Research Service
FSA Farm Service Agency. Consolidates former Agricultural

Stabilization and Conservation Service (ASCS), and Farmers
Home Administration (FmHA)

FS Forest Service
NASS NationalAgricultural Statistics Service
NRCS Natural Resources Conservation Service. Formerly Soil
Conservation Service (SCS)
OBPA Office of Budget and Program Analysis
0oGC Office of General Counsel
usbC U.S. Department of Commerce
ITA International Trade Administration
UsDI U.S. Department of the Interior
BLM Bureau of Land Management
BOR Bureau of Reclamation
FWS Fish and Wildlife Service
OPA Office of Policy Analysis
USGS U.S. Geologicéurvey

This handbook was prepared by the Economic Research Service (ERS), the
economic and social science research agency of the U.S. Department d
Agriculture. ERS’s mission is to provide economic and other social
science information and analysis for public and private decisions on
agriculture, food, natural resources, and rural America.
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LAND

1.1 Land Use

The three major uses of land in the contiguous 48 States
are grassland pasture and range, forest-use land, and
cropland, in that order. Total cropland (used for crops,
used for pasture, and idled) has trended down slightly
since the late 1960’s. Greater variation has occurred in
cropland used for crops, largely reflecting changes in
cropland idled in Federal crop programs. Also, weather,
such as the drought in 1988 and the heavy rains in 1993,
can strongly influence the mix and acreage of cropland
used for crops.

e Major Land Uses in the Contiguous States ........ 1
e Regional ChangesinlLandUse.................. 5
e CroplandUseand Programs . ................... 6
e Agricultural Land Use Issues. .. ................ 10

he total land area of the contiguous 48 States is  been that farmers—with assistance from the
approximately 1.9 billion acres, with an additional Cooperative State Research, Education and Extension
365 million acres in Alaska and a little over 4 million  Service, the Natural Resources Conservation Service,
acres in Hawaii (table 1.1.1). Because Alaska has and other agencies—have improved the forage quality
very little crop area and Hawaii grows primarily crops and productivity of grazing lands. A second reason is
that are not grown elsewhere in the United States, the
discussion in this chapter focuses on the contiguous

48 States. _ :

Table 1.1.1—Major uses of land, United States,
Land is the first factor of production. Land's 1992
potential uses and its location determine its economic Acreage Proportion
value. Land use can affect the environment and the of land
sustainability of production. Competition and conflicts | gng use! _ _
occur amon ; 48 United 48 United

g users of land because land used in one
States States States States

way often prevents or reduces other uses (see box,
"Land Use Choice: Theory and Practice"). Million acres Percent

Cropland 460 460 24.3 20.3

Major Land Uses in the Contiguous States Grassland pasture
Grassland pasture and rangehe largest use of land, ~ and range 589 59l sii 261

accounted for 589 million acres (p&rcent of major Fores_t'luse land igz gjg ig'z ig'e
land uses in the 48 States) in 1992 (latest year data I\Sﬁpec'ﬁ uses ' 0
are available, table 1.1.2, fig. 1.1.1). (For definitions ~ "C-2= 8 HeRHS o o 19 99
of land use terms, see "Glossary of Land Use Total land area? 1894 2,263 1000  100.0

Categories," p. 24.) However, grassland pasture and
range has declined since the mid-1960's, when it was ! See the Glossary, p. 24, for definitions of land-use categories.

636 million acres. One reason for this decline has 2 Distributions by major use may not add to totals due to rounding.
Source: USDA, ERS, based on Daugherty, 1995.

AREI / Land 1



Land-Use Choice: Theory and Practice

In theory, land-use choice is straightforward: Land is devoted to the use that provides the greatest value to its o
measured by the present value of the stream of retupectedn future years. In reality, land-use choice often in-
volves a complex interaction of factors, including the characteristics of the land, the landowner, and the economig
policy contexts in which the choice is made.

Complexity arises in part because land is a highly differentiated economic resource. The location of land—as m4
by proximity to the city center, transportation links, or recreational and aesthetic amenities—is a key determinant
value for residential or commercial development. Productivity, erodibility, and topography largely determine futurs
turns to crop production, pasture, and forestry. Moreover, land may simultaneously pose characteristics that are
favorable to and detract from its value for a particular use, creating tradeoffs in land-use decisions. For example
productive land may also be highly erodible. Using such land for crops will result in high yields, but may also m4
high erosion control costs or, if erosion is unchecked, loss of future productivity. Finally, technological change m
ameliorate land-related limitations to specific uses. One example is the development of rolling land for irrigated d
production following the introduction of center-pivot irrigation technology.

Exactly how these factors are assessed depends on the inclinations, circumstances, and economic expectations
ual landowners. For example, landowners who are optimistic about future returns to crop production will use mo
for crops than those who are pessimistic. Other factors that affect land-use choices include management skills; (
of future income (where initial land conversion costs are high or for land uses where returns are delayed, e.g. for
risk aversion; and the age, occupation, or residence of the landowners.

Landowner expectations and actions are affected by government policies and programs. Federal farm commodit]
grams have long been suspected of encouraging crop production on marginally productive or environmentally se
land. Under the Sodbuster and Swampbuster provisions of the 1985 Farm Bill, payments are now withheld from
ers who crop highly erodible land without an approved conservation plan or who drain wetlands. Zoning rules an

cial purposes. For example, a jurisdiction seeking to retain open space may zone land for agricultural purposes
provide "use value" taxation to landowners who use land for agriculture.
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taxation may be important in urban fringe areas where rural land is being rapidly developed for residential or compmer-

DI

that the number of domestic animals, particularly

sheep and draft animals, has been declining in recent

years. Figure 1.1.1--Major uses of land in the
contiguous 48 States

Forest-use landthe second largest area among major  ijion acres

uses, declined from about 2rcent of totaland in

1945 to less than 3fercent in 1992.All land with a 2,000 Viscellancous uses
forest cover comprises an even largega—nearly i Other special uses
606 million acres (3percent) in 1992. However, Urban land
much forested land is in special uses (parks, 15001

wilderness areas, and wildlife areas) that prohibits i Cropland
foregry uses such as timber production. Thesas

increased from 22 mibn acres in 1945 to 89 iition 1,000 [~

acres in 1992. As a result, land definedoaisst-use i Forest-use land
declined consistently from the 1960's to 1987, while

special uses increased rapidly (table 1.1.2). There 500 |-

was a slight increase in forest-use land from 1987 to

1992, primarily in commercial timberland. I Pasture and range
Cropland comprises the third largest use of land (24 0 1945 1992

percent in 1992) (table 1-1-1)-0tﬁ| cropland in the Source: USDA, ERS, based on Krupa and Daugherty, 1990;
contiguous States varied about 8 percent between Daugherty, 1995.

1945 and 1992—ranging from 478 million acres in
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Table 1.1.2—Major uses of land in the contiguous 48 States, 1945-92

Land use® 1945 1949 1954 1959 1964 1969 1974 1978 1982 1987 1992

Million acres

Cropland 2 450.7 4778 4653 4575 4438 471.7 464.7 4705 4689 463.6 459.7
Cropland used for crops 363.2 3829 3805 3584 3348 3328 361.2 3684 3826 3307 3374
Cropland idled 40.1 25.6 18.7 33.6 51.6 50.7 20.8 26.0 21.3 68.0 55.5
Cropland used for pasture 47.4 69.3 66.1 65.4 57.4 88.2 82.7 76.1 65.0 64.9 66.8

Grassland pasture and range 659.5 6311 6324 6301 6365 6010 5952 5843 5943 588.8 589.0

Forest-use land 601.7 6056 6154 6109 611.8 6028 5985 583.1 567.2 558.2 558.7
Forestland grazed 3450 3195 3013 2436 2238 1975 1789 171.3 1575 1546 1450
Forestland not grazed 256.7 286.1 3141 367.3 388.0 4053 419.6 4118 409.7 403.6 413.7

Special uses 2 100.0 105.3 110.2 1244 1445 1431 1480 1672 1769 1912 1944
Urban land 15.0 18.3 18.6 271 29.2 30.8 34.6 44.2 49.6 55.9 58.0
Transportation 22.6 22.9 24.5 25.1 25.8 25.7 26.0 26.3 26.4 25.2 24.8
Recreation and wildlife areas  22.6 27.6 27.5 31.9 49.7 53.4 56.9 66.0 71.1 84.1 86.9
National defense areas 24.8 215 274 28.9 29.3 22.9 224 22.3 21.8 18.9 18.6
Misc. farmland uses 151 15.1 12.2 11.3 10.5 10.3 8.0 8.4 8.0 7.1 6.2

Miscellaneous other land 93.4 84.0 80.5 78.9 63.0 78.4 90.6 91.9 88.5 93.9 92.4
Total land, 48 States?® 1,905.4 1,903.8 1,903.8 1,901.8 1,899.6 1,897.0 1,897.0 1,897.0 1,895.7 1,895.7 1,894.1

! See the Glossary, p. 24, for definitions of land-use categories.

2 Distribution may not add to totals due to rounding.

3 Totals differ over time due to remeasurement of the U.S. land area

Source: USDA, ERS, based on Krupa and Daugherty, 1990; Daugherty, 1995.

1949 to 444 million acres in 1964 (table 1.1.2). The surpluses piled up. Annual Federal crop programs

1992 cropland base of 460 million acres was the and the long-term Conservatior$erve Program

lowest since 1964. (starting in 1986) idled additional cropland, again
reducing the ereage sed for crops.

The cropland base includes cropland used for crops,

cropland idled, and cropland used only for pasture. Cropland is idled every year for reasons other than

These components vary more than total cropland. government programs, including weather or soll

The amount of cropland used for crops has ranged  conditions at planting time, low crop prices, or

from 383 million acres in 1949 to 331 million acres holding for eventual conversion to nonagricultural

in 1987 (table 1.1.2). There has been no trend, but  uses.

instead seemingly two major cycles, with cropland

moving from idle into crop use and back again. Between 1945 and 1992, cropland used for pasture
ranged from 47 million acres in 1945 (10 percent of

Between 1945 and the 1949 peak, cropland used for total cropland) to 88 million acres (19 percent) in

crops expanded rapidly to meet increased foreign 1969 (table 1.1.2). Cropland pasture averaged about

demand for U.S. grain. After the postwar agricultural 14 percent of total cropland.

recovery in these foreign nations, cropland used for

crops gradually declined until the early 1970's, when  Special usesnclude urban; rural transportadi; rural

a second round of strong foreign demand occurred for parks and wildlife; defense and industrial uses; and

U.S. grains. In 1982, a severe recession in the United farmstead, farm roads and lanes, and other

States and in other major markets weakened the miscellaneous onfarm uses (table 1.1.2). These uses

demand for U.S. agricultural products and grain increased from 100 million acres (f&rcent of the

AREI / Land 3



Table 1.1.3—Major uses of land in the contiguous 48 States, by region, 1992

Land usel North- Lake Corn  Northern Appala- South- Delta Southern Mountain Pacific  United
east States Belt Plains chian east States Plains States

Million acres

Cropland 2 14.3 42.5 99.6 106.6 29.1 18.1 23.7 55.1 46.7 23.9 459.7
Cropland used for crops 11.1 34.7 80.7 84.5 16.6 104 16.5 31.6 33.0 18.2 337.3
Cropland idled 1.2 5.2 8.8 115 3.4 3.4 3.0 8.0 7.9 3.1 555
Cropland used for 2.0 2.6 10.1 10.6 9.1 4.2 4.3 15.5 57 2.6 66.8

pasture

Grassland pasture and 3.0 5.3 12.3 69.7 6.0 9.8 6.4 1187 3035 545 589.0
range

Forest-use land 68.5 48.3 31.3 3.7 71.6 73.4 48.3 21.7 112.7 79.3 558.7
Forestland grazed 1.4 3.1 6.6 1.6 5.2 7.3 15.9 11.6 66.7 25.6 145.0
Forestland not grazed 67.1 45.2 24.7 2.1 66.4 66.1 32.4 10.1 46.0 53.7 413.7

Special uses 2 20.0 13.0 14.9 7.5 13.2 17.3 6.4 12.8 58.4 30.7 194.2
Urban land 10.5 4.0 7.6 1.1 5.6 8.0 2.7 6.4 4.5 7.4 57.8
Transportation 1.9 2.9 3.6 35 20 22 12 2.3 3.2 19 248
Recreation and wildlife 7.0 5.3 2.0 1.8 4.1 51 1.9 2.7 37.7 19.3 86.9
areas
National defense areas A4 1 3 2 9 1.6 2 7 12.6 1.6 18.6
Misc. farmland uses 3 7 1.3 .8 .6 4 4 .8 5 5 6.2

Miscellaneous other land 5.6 12.9 6.5 6.9 3.9 4.8 6.4 3.3 26.6 15.5 92.5

Total land, 48 States2 111.4 122.1 164.6 194.3 123.7 123.4 91.2 211.6 547.9 2039 1,894.1

! See the Glossary, p. 24, for definitions of land-use categories.
2 Distribution may not add to totals due to rounding.
Source: USDA, ERS, based on Daugherty, 1995.

land area of the aatiguous United States) in 1945 to  railroad facilities and rural roads, and the inclusion of

194 million acres (1@ercent) in 1992. some transportation uses into urban areas.

In response to expanding U.S. population, land in Land used forecreationand wildlife areas expanded
urban uses—for homes, schools, office buildings, 285 percent from 1945 to 1992 (86.9 milliacres)
shopping sites, and other commercial and industrial ~ mostly from conversion of Federal lands to meet
uses—increased 285 percent from 19iamilacres in greater pblic demand for such areas. Land in

1945 to an estimated 58 million acres in 1992. defense and industrial uses declined 25 percent from

While the U.S. population nearly doubled, the amount 1945 to 1992 (18.6 million acres), with some
of land urbanized almost quadrupled. However, urban conversion to urban use. Miscellaneous farmland
uses still amount to only 3 percent of total land area uses declined 9 million acres between 1945 and 1992

(table 1.1.2). (See "Preservation of Agricultural (6.2 million acres). Behind this declimesre fewer
Lands," later in this chapter, for a more detailed farms; a trend toward larger, consolidated farms; and
discussion of recent urbanization of land in the United an increaimg tendency for farm families to live off
States.) the farm.

Land in transportation uses (highways and roads, Miscellaneous other land useshanged veryittle

railroads, and airports in rural areas) increased by 4  during 1945-1992. These uses include marshes and
million acres (17 percent) between 1945 and 1982.  open swamps that have very litdarface use and
Transportation uses declined by 2 million acres from comprise only a small portion of the Nation’s

1982 to 1992 (table 1.1.2) due to the abandonment of wetlands, which are distributed over other land uses.

4 AREI/ Land



Table 1.1.4—Net change in major uses of land in the contiguous 48 States, by region, 1945-92

Land usel North- Lake Corn Northern Appala- South- Delta  Southern Mountain Pacific United
east States Belt Plains chian east Plains States

Million acres

Cropland 2 -10.7 -3.7 +7.4 +11.1 -5.9 -8.9 +1.5 +3.3 +14.3 +.5 +9.0
Cropland used -9.8 -4.5 +2.7 +0.9 -6.3 -9.7 +0.2 -11.0 +8.8 +3.0 -25.8
for crops
Cropland idled -6 +3.0 +5.9 +2.8 -3 -1.0 +.6 +5.2 +1.7 -1.8  +154
Cropland used for -2 -2.3 -1.3 +7.4 +.8 +1.8 +.7 +9.1 +3.9 -6 +193
pasture

Grassland pasture and -7.1 -4.8 -14.0 -12.6 -7.7 +1.1 -9 +13.6 -35.7 -2.3 -70.5

range

Forest-use land 2 +6.6 -6.1 +2.3 -4 +7.9 +.4 -3.1 -24.6 -8.8 -17.3 -43.0
Forestland grazed -7.6 -12.2 -11.0 -1.7 -34.4 -46.3 -27.2 -30.8 -17.9 -10.8 -200.0
Forestland not grazed +14.3 +6.1  +13.3 +1.3  +424  +46.8 +24.0 +6.2 +9.1 -6.4 +156.9

Special uses 2 +9.7 +6.0 +4.9 -1 +6.3  +10.8 +2.7 +6.9  +30.4  +16.7 +94.2
Urban land +6.5 +2.5 +5.0 +.7 +4.5 +6.8 +2.1 +5.5 +3.9 +5.5 +42.8
Transportation .0 +.2 +.1 -5 +.3 +.6 +.4 +.6 +.3 +.3 +2.1
Recreation and +4.2 +4.7 +1.8 +1.1 +2.9 +4.4 +1.5 +1.8 +29.0 +13.0 +64.3
wildlife areas
National defense areas -1 -3 -5 -4 -1 -2 -7 -4 -1.9 -1.6 -6.2
Misc. farmland uses -8 -1.0 -15 -9 -1.3 -8 -5 -5 -1.0 -5 -8.9

Miscellaneous other land +5 +7.9 -1.4 +.8 -1.9 -4.5 -2.0 -6 -1.2 +1.4 -9
Total change, -1.0 -.6 -9 -1.1 -1.2 -1.1 -1.8 -15 -1.1 -1.0 -11.3
48 States

! See the Glossary, p. 24, for definitions of land-use categories.

2 Distribution may not add to totals due to rounding. Totals of net change do not add to O due to periodic remeasurement of the U.S. land area (see
table 1.1.2).

Source: USDA, ERS, based on Krupa and Daugherty, 1990; and Daugherty, 1995.

Regional Changes in Land Use The Northeast, Appalachian, Southeast, and Lake
States regions lost cropland between 1945 and 1992
(table 1.1.4). Eastern regions lost cropland because of
climatic and geographic constraints; inability to

capture economies of scale (that is, prevalence of
small farms); and increased urbanization, which

drives up land prices and reduces agricultural profit
margins. Western increases resulted in part from
federally subsidized irrigation water.

While land in every use occurs in all 10 regions of

the contiguous States, some uses are more
concentrated in some regions than others (table 1.1.3).
Regions with the largest croplandreages are the
Northern Plains, Corn Belt, and Southern Plains.
Grassland pasture and range is concentrated in the
Mountain and Southern Plains regions. Acreages in
forest-use and special uses are highest in the

Mountain region. Eight of the 10 regions lost grassland pasture and

range between 1945 and 1992. These losses ranged
from 2.3 millionacres in the Pacific region to 35.7
million acres in the Mountain region (table 1.1.4).

The Northeast region lost more thanpécent of its
grassland pasture and range, the Appalachian and
Corn Belt regions more than 50 percent. The
Northeast and Appalachian regions saw the natural
reforestation of grassland on abandoned small farms,

Some regional shifts in total cropland and cropland
used for crops have occurred since 1945. The largest
increases occurred in the Corn Belt, Northern Plains,
and Mountain regions with smaller increases in the
Delta States, Southern Plains, and Pacific regions.
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loss of grassland to urbanization, and concentration of increased emphasis on improved grassland pastures;

the dairy industry. Decreases in the Corn Belt,
Northern Plains, and Mountain regions were likely
associated with the conversion of some grassland
pasture or range to cropland as demand for grain
intensified.

In most regions, the changes in forest-use land were
relatively small. The Northeast and Appalachian
regions gained 7 million and 8 million acresfofest
land, mainly from farm fields reverting to forest. The
Pacific and Mountain regions lost forest-use land to
recreaibn and wildlifeareas. One-quarter of
forest-use lands were grazed in 1992, down from over
half in 1945. The proportional decline wgrgatest in
the more heavily forested Northeast, Lake States,
Appalachian, and Southeast regions. The decline in
grazing derives from an increased emphasis on
improving and managing farm woodlands. In the
1940's and 1950's, the Cooperative Extension Service
encouraged farmers to fence livestock out of farm
woodlands and to manage these areas for increased
productivity of timber and other wood products. In
some areas, such as the Appalachian region, many
small farms ceased crop and livestock production and
became forested. These reforested areas were
generally not grazed.

The reduced grazing of forest-use land also reflects
major changes in livestock production, including

Table 1.1.5—Major uses of cropland, United States, 1986-96

greater use of controlled, rotation grazing; and
increased concentrah and specialization in the dairy
and beef cattle industry (as opposed to earlier general
farming practices). Byproducts of other
industries—such as beet and citrus pulp—now
substitute for forage. Also, some of fheger, more
concentrated dairy farms have moved to confined
animal operations, where the cows are not pastured
during their production cycle.

The location of special-use lands shifted considerably
during 1945-92. Urban-use lands expanded most
rapidly in the warmer Sunbelt States of the South
and Southwest. Land in rural transportation uses
increased in 8 of the 10 farm production regions,
while land inrecreationand wildlife areas increased

in all regions. In contrast, land in national defense
areas and miscellaneous farm uses declined in all
regions.

Cropland Use and Programs

Total cropland consists of cropland used for crops,
cropland idled, and cropland used for pasture (tables
1.1.2-1.1.4). While total cropland has varied up and
down and generally declined since 1969, even greater
shifts have occurred between cropland used for crops
and cropland idled, mostlyecause of Federal
programs. Cropland used for pasture has shown less
variation.

1

Cropland 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 19962
Million acres
Cropland used for crops 3 357 331 327 341 341 337 337 330 339 332 346
Cropland harvested* 316 293 287 306 310 306 305 297 310 302 314
Crop failure 9 6 10 8 6 7 8 11 7 8 10
Cultivated summer fallow 32 32 30 27 25 24 24 22 22 22 22
Cropland idled by all Federal programs 48 76 78 61 62 65 55 60 49 55 34
Annual programs 46 60 53 31 28 30 20 23 13 18 0
Conservation Reserve Program5 2 16 25 30 34 35 35 36 36 36 34
Total, specified uses**° 405 407 405 402 403 402 392 389 388 388 380
! Includes the 48 contiguous States. Fewer than 200,000 acres were used for crops in Alaska and Hawaii.
2 Preliminary, subject to revision.
3 Breakdown may not add to totals due to rounding.
‘A double-cropped acre is counted as 1 acre.
5 Numbers are gross before subtracting CRP terminations which, by the end of 1996, totaled approximately 1.5 million acres.
6 Does not include cropland pasture or idle land not in Federal programs that is normally included in the total cropland base.
Source: USDA, ERS, based on a variety of published and unpublished data from FSA (formerly ASCS), ERS, and NASS.
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Table 1.1.6—Selected crops harvested, 1996

Selected crops harvested® Area Proportion
of total
1,000 acres Percent
Principal crops harvested:
Corn for grain 73,147 224
Sorghum for grain 11,901 3.6
Oats 2,687 .8
Barley 6,787 21
Total, feed grains2 94,522 29.0
All wheat 62,850 19.3
Rice 2,799 9
Rye 347 A
Total, food grains2 65,996 20.2
Soybeans for beans 63,409 194
Peanuts for nuts 1,392 A4
Sunflower 2,499 .8
Dry edible beans 1,718 5
Sugarbeets 1,323 A4
Sugarcane 845 3
Potatoes 1,425 4
Tobacco 734 2
Cotton 12,833 3.9
All hay 61,029 18.7
Corn silage 5,395 1.7
Sorghum silage 371 A
Total, all principal crops2 313,491 96.1
Citrus fruits® 1,104 3
Noncitrus fruits® 1,934 .6
Tree nuts® 671 2

Principal vegetables and
melons for the fresh

market® 1,821 .6

Principal vegetables for

processing 1,476 5
Other crops8 5,577 1.7

Estimated total of crops
harvested in 1996,
including double-cropping? 326,074 100.0

1 Sum of indicated crops for contiguous 48 States.

2 Percentage distributions may not add to totals due to rounding.

3 Bearing acreage of oranges, grapefruit, K-early citrus, lemons,
limes, tangelos, tangerines, and temples.

4 Bearing acreage of apples, apricots, berries, cherries, cranberries,
dates, figs, grapes, kiwifruit, nectarines, olives, peaches, pears,
plums, prunes, and strawberries.

5 Bearing acreage of almonds, hazelnuts, pistachios, and walnuts.

6 Area harvested of artichokes, asparagus, lima beans, snap beans,
broccoli, brussels sprouts, cabbage, cantaloups, carrots, cauliflower,
celery, sweet corn, cucumbers, eggplant, escarole/endive, garlic,
honeydews, lettuce (head, leaf, romaine), onions, bell peppers,
spinach, tomatoes, and watermelons. Includes processing total for
dual-usage crops (asparagus, broccoli, and cauliflower).

7 Area harvested of lima beans, snap beans, beets, cabbage,
carrots, sweet corn, cucumbers, green peas, spinach, and tomatoes.

8 Determined as a residual.
Source: USDA, ERS, based on NASS, 1996a, 1997a, 1997b, 1997c.
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Figure 1.1.2--Harvested crops, 1996
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Source: USDA, ERS, based on NASS, 1996b, 1997a, 1997b, 1997c.

Cropland Used for Crops

Most cropland used for crops is harvested, but
typically 2-3 percent experiences crop failure and
7-10 percent is cultivated summer fallow (table 1.1.5).
In 1996, farmers harvested an estimated 326 million
acres of crops (314 million acres of principal crops).
About 12 millionacres ofthe total harvested were
double-cropped. When double-cropped land is
counted only once, theropland harveste@stimate
rounds to 314 million acres, up 12 million acres from
1995 as a result of no land idled in annual Federal
programs and a larger acreage planted.

The 346 million cropland acres estimated to have
been used for crops (cropland harvested, crop failure,
and summer fallow) in 1996 were up about 14 million
(just over 4 percent) from 1995 (table 1.1.5). This is
the largest area used for crops since 1986, the year in
which the Conservation Reserve Program (CRP)
began. The increase in cropland used for crops
reflects higher plantings and less land idled in Federal
programs. The decrease of about 2[lioni acres in
cropland idled in Federal programs from 1995 was a
result of elimination of annual commodity prgrams
and of changes to the CRP.

Four crops—corn for grain, wheat, soybeans, and
hay—accounted for nearly 80 percent of all crop
acres harvested in 1996 (table 1.1.6 agsl. f1.1.2,
1.1.3). The additional 15 "principal” crops accounted
for another 16 percent of harvested area. Vefgtab
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One dot= 75,000 acres

Source: USDA, ERS, based on NRCS 1992 National Resources Inventory.

Figure 1.1.3 -- Geographic location of corn, wheat, soybean, and hay production, 1992
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fruits, nuts, melons, and all other crops accounted for
just 4 percent of crop area harezsin 1996.

In 1996, harvested acreageanirn, sorghum, barley,
wheat, and soybeans increased, while theame of

oats, rice, and cotton decreased (table 1.1.7). Total
cropland harvested was up nearly 12 million acres
from 1995. The increase in harvestenleage was

due to the decrease in land idled in Federal programs.

in the 1960’s, but down from the early 1980’s.

Soybean and rice production followed a similar

pattern. Peanuts have increased throughout the period
while rye has dereased. @hflower production

increased until the early 1980’s, declined for a few
years and has been increasing again in the 1990’s.
Sugarcane, while ifit accounting for less than 1

million harvested acres, has increased consistently
since the 1960’s. Several other principal crops—dry
edible beans and peas, potatoes, and sugarbeets—

Food crop acres have tended to increase over the pastoccupy comparatively small acreages and have

30 years, while feed and other crops have declined
(Daugherty, 1995). Wheat acreage is higher now than

exhibited no major trends.
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Table 1.1.7—Harvested area of major crops, by region, 1990-96

Crop and period Northeast Lake Corn Belt Northern Appala- Southeast Delta Southern Mountain Pacific  United
States Plains chian States  Plains States’

Million acres

Corn:?

1990-94 avg. 2.2 11.1 34.3 13.1 3.1 1.2 0.5 1.8 1.1 0.3 68.7

1995 2.2 11.4 31.3 12.6 2.7 0.9 6 2.0 1.0 0.3 65.0

1996° 2.4 12.2 34.1 15.1 3.1 1.3 1.4 2.0 1.2 0.4 73.1
Sorghum:2

1990-94 avg. - - 0.8 46 0.1 0.1 05 3.4 0.4 4 9.8

1995 - - 0.7 4.2 4 4 0.3 2.7 0.3 - 8.3

1996° - - 0.8 5.8 4 4 0.4 4.3 05 - 11.9
Barley:

1990-94 avg. 0.2 0.8 - 3.0 0.1 4 - 4 2.4 0.8 73

1995 0.2 0.7 - 24 0.1 4 - 4 2.3 0.6 6.3

1996° 0.2 0.6 - 2.8 0.1 4 - 4 2.3 0.8 6.8
Oats:

1990-94 avg. 0.3 1.2 0.8 1.6 4 0.1 4 0.2 0.2 0.1 46

1995 0.3 0.8 0.5 0.9 4 0.1 4 0.1 0.2 0.1 3.0

1996° 0.2 0.6 0.4 0.9 4 4 4 0.1 0.2 0.1 2.7
Wheat:

1990-94 avg. 0.6 3.3 4.7 27.6 1.6 0.9 1.5 9.1 9.7 3.9 62.8

1995 0.6 3.0 4.5 27.0 1.7 0.7 1.2 8.0 10.2 4.0 61.0

1996° 0.7 3.2 4.4 27.3 1.8 0.7 1.6 7.8 10.9 4.4 62.8
Soybeans:

1990-94 avg. 1.2 7.2 30.1 7.2 4.0 1.6 6.5 05 - - 58.2

1995 1.2 8.1 325 8.2 3.8 1.1 6.2 05 - - 61.6

1996° 1.1 8.4 33.2 8.5 4.0 1.3 6.3 0.6 - - 63.4
Cotton:

1990-94 avg. - - 0.3 4 1.0 1.2 31 5.2 05 1.1 12.4

1995 - - 0.4 4 1.6 2.5 3.6 6.1 0.5 1.3 16.0

1996° - - 0.4 4 1.3 2.3 3.0 4.3 0.4 1.2 12.8
Rice:

1990-94 avg. - - 0.1 - - - 21 0.3 - 0.4 3.0

1995 - - 0.1 - - - 2.2 0.3 - 0.5 3.1

1996° - - 0.1 - - - 1.9 0.3 - 0.5 2.8

- = None reported.

! Includes the 48 contiguous States. Because of rounding, regional acres may not sum to U.S. totals.

2 corn and sorghum for grain.

s Preliminary, subject to revision.

4 Less than 50,000 acres.

Source: USDA, ERS, compiled from USDA, NASS, Crop Production, Annual Summary and monthly reports.

Among feedgrains, corn increased from the 1960’s to Tobacco has indicated little trend ioreage
the early 1980’s, deeased for a few years, and has harvested.
trended upward again since the late 1980's. Sorghum

and barley fluctuated year-to-yeartilithe The demand for vegetable oils has led to increased
mid-1980’s when they increased to 30-year highs. production of some special oilseed crops. Special
Both crops have declined since 1986. Oats has oilseeds currently reported by NASS include canola,
trended down over the last $@ars, wile acreage of rapeseed, safflower, and mustard seed (USDA, NASS,
all hay has changed very little. 1997a). In addition, the Federal commodity programs
until 1996 promoted the production of industrial and
Harvested acreage of ot hit a low of less than 8 other crops by allowing these crops to be planted on

million acres in 1983 and has trended upward since. acreage diversion program lands (see box, “Cropland
Programs and Definitions”). The crops allowed in
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1995 included castor beans, chia, crambe, crotalaria,

cuphea, guar, guayule, hesperaloe, kenaf, lesquerella,
meadowfoam, milkweed, plantago ovato, and sesame.

Deficiency payments were not reduced when these
crops were planted on diverted acreage.

Cropland Idled Under Federal Prog rams

The Federal Agriculture Improvement and Reform
Act of 1996 (the 1996 Farm Act) eliminated the
authority of USDA to implement an annustreage
Reduction Program (ARP) and other annuakage
diversions. As a result, no land was idledler

annual commodity programs in 1996. This, combined
with the expiration of some CRP contracts, reduced
total land idled under Federal programs to about 34
million acres in 1996 (table 1.1.5, table 1.1.9) down
from 1995 and well below the 1983 peak of 78
million acres (fig. 1.1.4, table 1.1.14). The extent of
idled acres from participation in the CRP varied by
farm production region (fig. 1.1.5). In 1995, land
idled in annual programs totaled 18 million acres,
compared with a range of 13 to 60 million acres idled
since 1986.

The CRP was initiated in 1986 to help owners and
operators of highly erodible cropland conserve and

improve the soil and water resources on their farms
and ranches through long-term land retirement. CRP
pays farmers to retire highly erodible and other
environmentally sensitive lands from crop production
for 10-15 years and to convert them to perennial
vegetation. Since its authorization, 37 million acres
of cropland have been enrolled in the CRP. With
some producers opting lands out of the CRP in
1995-96 and some terminating prior to early-out, the
program in December 1996 stood at just under 33
million acres (for more detail on the CRP, see chapter
6.3).

Prior to 1996, producers of corn, rice, sorghum, oats,
barley, wheat, and tton under USDA commaodity
programs had to idle a proportion of the cempeage
base and place it in the Acreage Reduction Program
(ARP) (see box "Cropland Programs and Definitions,"
p. 12). These proportions (ARP requirements) varied
by crop and year from 0 to 35 percent (table 1.1.8).

Agricultural Land Use Issues

Agricultural uses of land are being affected, and in
some cases challenged, by factors other than changing
demand for agricultural products and changing
agricultural programs. Some continuing or emerging

Figure 1.1.4--Cropland acreage reductions by type of program, 1933-95

Million acres
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For yearly detail of programs since 1974, see table 1.1.14.
Lincludes Acreage Conservation Reserve, 0,50/85-92 Programs, Paid Land Diversion, and Payment-in-Kind programs in
applicable years (see table 1.1.14).
Source: USDA, ERS, based on various published and unpublished data from FSA (formerly ASCS).
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Table 1.1.8—Acreage Reduction Program (ARP) requirements for participation in major program crops,
1985-96

Proportion of crop acreage base to be idled from program crop and placed in a conserving use

Program crop 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
Percent
Feed grains:
Corn 10 17.5 20 20 10 10 7.5 5 10 0 7.5 *
Sorghum 10 17.5 20 20 10 10 7.5 5 5 0 0 *
Oats 10 17.5 20 5 5 5 0 0 0 0 0 *
Barley 10 17.5 20 20 10 10 7.5 5 0 0 0 *
Wheat 20 22.5 27.5 27.5 10 5 15 5 0 0 0 *
Upland cotton 20 25 25 12.5 25 12.5 5 10 7.5 11 0 *
Rice 20 35 35 25 25 20 5 0 5 0 5 *

*Authority for ARP eliminated by the 1996 Farm Act.
Source: USDA, ERS, based on unpublished material from the FSA (formerly ASCS).

issues include farmland preservation from U.S. population lives in urbagreas (table 1.10).
urbanization, conflicts with other uses of Federal Even with large increases in urban area, percentage
lands, conflicts with environmental preservation, the  decreases in rural area areall because rural area is
use of agricultural lands for fuel and biomass much larger than urban area. The rate of expansion
production, and potential impacts of global climate in urban area has decreased from 39 percent during
change. the 1950’s to 18 percent during the 1980's (The
Natural Resources Inventory (USDA, SCS, 1994)
Preservation of Agricultural Lands shows a 26-percent increase from 1982-92.)

Preservation of agricultural lands for future food and
fiber production and for open space is a concern
because conveom, particularly to urban and other
special uses, is largely irreversible. Urban and builtup
land in the United States constitutes less than 3.5
percent oftotal land area. However, Tercent of the

Land converted to urban uses comes from several
differentmajor land uses. From 1982 to 1992, 46
percent of new urban development came from
cropland and pasture (fig. 1.1.6). The average annual
expansion in urban area was about lilBan acres

Figure 1.1.5--Cropland idled under the Conservation Reserve Program, by region, 1996
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Source: USDA, ERS, based on various published and unpublished data from FSA (formerly ASCS).
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Cropland Programs and Definitions

Conservation Reserve Program (CRRps designed to voluntarily retire from crop production about 40 mil-
lion acres of highly erodible or environmentally sensitive cropland for 10-15 years. In exchange,
participating producers receive annual rental payments up to $50,000 and 50 percent cost-share assistance
for establishing vegetative cover on the land. The Federal Agriculture Improvement and Reform Act (1996
Farm Act) of 1996 limited CRP enrollment to 36.4 million acres.

Acreage Reduction Program (ARRyas a voluntary land retirement program in which farmers reduced

their planted acreage of a program crop by a specified proportion of that crop’s acreage base to become el
ble for deficiency payments, loan programs, and other USDA commodity program benefits. Crops under
this program included corn, sorghum, oats, barley, wheat, cotton, and rice. The 1996 Farm Act eliminated
the authority of USDA to implement an annual ARP.

0/85-92 Provisionan optional, Federal acreage diversion program, allowed wheat and feedgrain producers
to devote all or a portion of their permitted acreage to conservation uses or to a minor oilseed crop, sesame
or crambe and, under some conditions, receive deficiency payments. At least 8 but no more than 15 perce
of the producer’'s maximum payment acres had to be maintained in conserving uses or other allowable crog
use. Eliminated by the 1996 Farm Act.

50/85-92 Provisionan optional, Federal acreage diversion program, allowed upland cotton and rice produc-
ers to underplant their permitted acreage and, under some conditions, receive deficiency payments on part
the underplanted acreage. At least 50 percent of the crop’s maximum payment acreage had to be planted.
An additional 8 percent but no more than 15 percent had to be designated for conserving use. Minor oil-
seeds could not be planted on the 50/92 conservation-use acres but sesame or crambe could be planted, W
producers still qualifying for deficiency payments. Eliminated by the 1996 Farm Act.

Crop acreage basdor 1995 wheat and feedgrains, was the average of the acreage planted and considered
planted to each pgram crop in the 5-year-period, 1990-94. For upland cotton and rice, the crop acreage
base in 1995 was the average acreage planted and considered planted for 1992-94, with no adjustment for
years with zero planted or considered planted acreage. The 1996 Farm Act used crop acreage base only i
determining eligible production flexibility contract acreage.

Deficiency paymentsvere payments made to farmers who participated in feedgrain (corn, sorghum, oats, or
barley), wheat, rice, or upland cotton programs up to 1996. The payment rate per unit crop production was
based on the difference between a target price and the market price or loan rate, whichever difference was
less. The total payment a farm received was the payment rate multiplied by the eligible production. Elimi-
nated by the 1996 Farm Act and replaced by production flexibility contract payments in 1996.

Production flexibility contract paymentare authorized under provisions of the 1996 Farm Act as a replace-
ment for deficiency payments, and cover the 1996 through 2002 crops of wheat, feed grains, upland cotton,
and rice of landowners or producers with eligible cropland. In exchange for a series of annual contract pay
ments for the 7-year period based on a predetermined total dollar amount for each year, the owner or
producer agrees to comply with specified conservation requirements concerning the use of highly erodible
cropland and wetlands; to comply with planting flexibility requirements of the Act; and to use contract acre-
age for agricultural or related activities, not for nonagricultural commercial or industrial use.

Production flexibility contract acreagés equal to a farm’s crop acreage base for 1996 calculated under the
provisions of the previous farm program, plus any returning CRP base acreage and less any new CRP acrg
age enroliment. A landowner or producer can enroll less than the maximum eligible acreage. In 1996,
contracted acreage totaled just over 207.5 million acres, 98.8 percent of the eligible 210.2 million acres
(USDA, FSA, 1996).

gi-
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Table 1.1.9—Cropland idled under Federal acreage reduction programs, 1986-96

Program and crop 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996

Million acres
Annual programs, base acres:

Corn 14.2 23.2 20.5 10.8 10.7 7.4 5.2 10.7 2.0 7.5 0
Sorghum 29 4.1 3.9 3.3 3.3 24 2.0 2.2 1.6 1.6 0
Barley 2.0 3.0 2.8 2.3 2.9 2.1 2.3 2.2 2.1 2.4 0
Oats 0.5 0.8 0.3 0.3 0.2 0.5 0.6 0.8 0.5 0.7 0
Wheat 21.0 23.9 22.5 9.6 7.5 15.6 7.3 54 4.6 5.5 0
Cotton 4.0 3.9 2.2 3.5 2.0 1.2 1.7 1.4 1.7 0.2 0
Rice 1.5 1.6 11 1.2 1.0 0.9 0.4 0.7 0.3 0.5 0
Total, annual programsl 46.1 60.5 53.3 30.9 27.7 30.1 19.5 234 12.8 18.4 0
CRP base acres:?
Corn 0.2 2.3 2.8 3.4 3.8 3.9 4.1 4.3 4.3 4.3 4.0
Sorghum 0.2 1.2 1.9 2.2 2.4 2.4 2.4 2.5 2.5 2.5 2.4
Barley 0.1 1.1 1.9 2.4 2.7 2.8 2.8 2.8 2.8 2.8 2.7
Oats 0.1 0.5 0.9 1.1 1.3 1.3 1.4 1.4 1.4 1.4 1.3
Wheat 0.6 4.2 7.1 8.8 10.3 10.4 10.6 10.8 10.8 10.8 10.5
Cotton 0.1 0.7 1.0 1.2 1.3 1.3 1.4 1.4 1.4 1.4 1.4
Rice 3 3 3 3 3 3 3 3 3 3 3
Total CRP-idled base acres!? 1.2 10.0 155 19.0 21.8 22.0 22.6 23.3 23.3 23.3 22.3
Total base acres idled™? 47.4 70.5 68.8 49.9 49.5 52.1 42.1 46.7 36.1 41.7 22.3
Total CRP-idled nonbase acres? 0.7 5.7 8.9 10.9 12.1 12.4 12.8 13.2 13.2 13.2 12.1
Total cropland idled under
Federal programs'? 481 762 777 608 616 645 549 59.8 492 548 344

! Because of rounding, crop acreages may not sum to totals. Base acreages idled under 0/92 and 50/92 programs from 1986 through 1992 are
included in annual program data. However, base acres of feed grains and wheat enrolled in 0/92 and planted to oilseeds or other permitted crops in
1991 (0.5 million acres), in 1992 (0.7 million acres), in 1993 (1.0 million acres), in 1994 (1.6 million acres), and in 1995 (1.5 million acres) are not
included.

2CRP began in 1986. Small acreages of peanut and tobacco base were bid into CRP in addition to the crops listed. Numbers are gross before
subtracting CRP terminations which, by the end of 1996, totaled approximately 1.5 million acres.

3 Less than 50,000 acres.
Source: USDA, ERS, based on various published and unpublished data from FSA (formerly ASCS).

(table 1.1.11). Even so, losing farmland to urban uses Prime agricultural land has the growing season,

does not threaten total cropland or the level of moisture supply, and soil quality needed to produce
agricultural production, which should be sufficient to  sustained high yields when treated and managed
meet food and fiber demand into the next century according to modern farming methods (Heimlich,
(Vesterby, Heimlich, and Krupa, 1994). 1989). About 24ercent of rural non-Federal land is

prime. Of land converted to urban, 28 percent is
Land use change is dynamic. With the exception of prime, so that urban conversion takes prime land in a
urban land, changes occur to and from major land slightly greater proportion than its occurrence. Of

uses (table 1.1.11). For example, 26ilion acres total cropland and pasture, 48 percent is prime and

(of prime and nonprime land) left cropland and prime cropland is converted to urban uses at about the
pasture from 1982 to 1992 but 16.3 million acres same rate as nonprime cropland.

came into the category, resulting in a net loss of 10.1

million acres. Forestland lost 14.2 milliacres, but Concerns about preserving agricultural lands and open
gained 15.2 million acres for a net gain of 1 million areas have resulted in the use of a variety of

acres. instruments, including property, income, and estate

tax incentives; and the use of easements and land
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Table 1.1.10—Population and urban area, contiguous 48 States, 1950-90

U.S. population Urban area’ Urban area
] increase
Year Total Urban Portion urban
Percent Million acres Percent
1950 151 97 64 18 -
1960 178 124 70 26 39
1970 202 149 74 35 36
1980 225 165 74 47 37
1990 247 185 75 56 18
! Data differ somewhat from table 1.1.11 due to different data sources and different time periods.
2 percent increase over that of 10 years past.
Source: USDA, ERS, based on USDC, 1991; Frey, 1983.
Table 1.1.11—l and-use changes from 1982 to 1992, contiguous 48 States
In 1992--
Land use! 1982 land  Cropland ) Range- Forest- Other® Urban and  Federal
use totals and pasture land land built-up land
Million acres
1992 land use totals®* 1,891.1 398.9 395.0 81.6 65.4 408.0
Prime land in 1982:°
Cropland and pasture 267.8 0.7 2.7 1.7 29 .6
Rangeland 20.0 18.2 A A 1 --
Forest land 45.6 43.3 2 7 2
Other®3 6.2 2 5.3 - -
Nonprime land in 1982--
Cropland and pasture 284.3 2.8 8.7 2.4 3.2 7
Rangeland 388.6 3735 14 13 18 3.3
Forest land 348.3 11 336.3 14 4.4 1.8
Other®3 73.0 1.4 69.0 2 3
Urban and built-up 51.9 - -- 51.9 --
Federal land 404.7 2.0 7 2 - 401.1

1 Numbers in bold indicate the acres that remained in the same use. Nonbold numbers across rows represent land moving out of the 1982 land

uses. Nonbold numbers down columns represent land moving into the 1992 land uses.

2 Includes land in the CRP.

3 Includes rural transportation, marshland, and barren land.
4 Distribution by use may not add to totals due to rounding.
5 Prime land is land that has the growing season, moisture supply, and soil quality needed to sustain high yields when treated and managed accord-

ing to modern farming methods.

Source: USDA, ERS, based on USDA, SCS, 1994.
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trusts (see chapter 1 2and Tenurefor more
discussion).

Conflicts Among Uses of Federal Lands

Nearly 29 percent ahe Nation's surfacarea, some
650 million acres, is owned by the Federal
Government (U.S. General Services Administration,
1995). Most of this land is administered by USDAs
Forest Service (FS) and the Department of the
Interior's Bureau of Land Management (BLM), with
lesser amounts by the Fish and Wildlife Service
(FWS) and National Park Service.

National Forest SysteniNFS) lands total 191.6

million acres (table 1.1.12 and USDA, FS, 1996). By
law, NFS lands are managed to promote multiple
uses. Logging and grazing are the principal
commercial activities. The NFS includes about 85
million acres of timberland and 96 million acres of
rangeland. FY 1995 production from these resources
included 3.9 billion board feet of timber (about 13
percent of the national harvest) and almost 9.3 million
animal-unit months (AUM's—1 AUM idorage for a
1,000 Ib. cow, or the equivalent, for 1 month) of
livestock grazing. Other commercial activities

include oil, gas, and mineral production. cReation

and conservation are also major uses. The Forest
Service manages over 18,000creatonal facilities
within the NFS, along with over 125,000 miles of
trails and 4,385 miles of wild and scenic rivers. FY
1995 recreabnal use of NFS landseeeded 4 bilon
visitor hours (USDA, FS, 1996). The NFS also

Figure 1.1.6--Land urbanized, by prior
land use, 1982-92

Other, 2%
Cropland/pasture: prime, 22%

Cropland/pasture:
non-prime, 24%

Rangeland: prime, 1%

Rangeland: non-prime, 14%
Forestland: prime, 5%
Forestland: non-prime, 33%

Source: USDA, ERS, based on USDA, SCS, 1994.
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includes 35 millionacres ofdesignated wilderness.
Within the continental United States, NFS lands
provide habitat for 113 animal species and 87 plant
species listed by the Federal Government as
threatened or endangered (BioData, Inc., 1995). The
NFS also accounts for about one half of the West's
water supply (USDA, FS, 1996).

Bureau of Land Managemen(BLM) lands total 264
million acres, most of which are in Alaska and 11
Western States (table 1.1.12 and USDI, BLM, 1996).
BLM lands are managed for multiple uses, primarily
commercial production. The main commercial

activity is grazing, with 19,048 grazing permits or
leases covering 166.9 million acres in FY 1993
(USDI, BLM, 1996). About 8 million acres of BLM
land are classified as timberland. BLMé&creation
management efforts target high-use areas that cover
about 10 percent of agentands. These areas

contain 4,869 miles of trails and about 2,000 miles of
wild and scenic rivers. FY 1995 recreational use of
BLM lands was about 880 million visitor hours. As
with the Forest Service, BLM has given increasing
importance to conservation uses—protecting wetlands
and riparian areas, endangered species, and important
wildlife habitat. Within the 48 States, BLM lands
provide habitat for 6federally listed threatened or
endangered animal species and 77 listed plant species
(BioData, Inc., 1995). BLM lands include 5.2 million
acres of designated wilderness and 17.4 millicres
that are being studied for future designation.

Debate over the use of public lands, particularly
those under FS and BLM jurisdiction (that is, those
explicitly managed under multiple-use objectives), has
become increasingly contentious over the last 20-30
years. Critics arguthat FS and BLM give grazing,
logging, and mining priority over other land uses
(primarily environmental uses but also, to a lesser
extent, rereatonal uses). Federal grazing fees, for
example, are generally well below fees charged by
private landowners in nearby areas. In 1995, the
Federal grazing fee was $1.61 per AUM. For the 11
Western States where BLM and FS lands are
concentrated, private land grazing fees (for cattle)
averaged $10.30 per AUM (USDA, NASS, 1995a).
(See chapter 1.4arm Real Estate Values, Rents, and
Taxes for more detail on grazing fees and recent
proposals to raise fees on public lands.) Similarly,
the FS often pays for construction of access roads,
which is a major cost component in bringing NFS
lands into timber production. With respect to mining,
Federal law allows prospectors to take title to public
lands, and the minerals they contain, for as little as
$2.50 per acre.
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Table 1.1.12—Land-use changes on Bureau of Land Management (BLM) and Forest Service (FS) lands, FY
1983-95

Land use 1983 1985 1987 1989 1991 1993 1995
BLM land (million acres) 341 337 334 270 269 268 264
Grazing - all livestock:
Number of operators 20,644 19,880 19,532 19,625 19,482 19,048 NR
Acres (1,000) 174,441 165,459 164,458 158,790 166,844 166,922 NR
AUM'’s authorized (1,000) 10,336 11,218 11,178 11,043 9,602 9,758 9,941
Timber sales:
Number of sales 1,016 2,277 22,144 23,433 18,925 20,200 NR
Volume (MBF)l 240,099 1,042,917 1,264,981 795,729 602,006 87,402 NR
Recreation:
Number of developed sites 406 375 368 554 726 908 NR
Visitor days (1,000) 27,834 20,384 41,388 41,101 44,982 35,735 73,359
Trails (miles) 2,000 1,600 1,600 1,600 2,300 4,869 NR
High-use areas:
Number of areas 150 150 150 150 355 521 NR
Percent of BLM lands 5 5 5 5 10 10 NR
Wildlife and Nature:
Wildnerness areas (number) 6 23 23 25 66 67 136
Wilderness acres (1,000) 19 369 369 469 1,611 1,654 5,227
Wild/scenic Rivers (number) 12 15 15 15 32 32 33
FS land (million acres) 191 191 191 191 191 191 192
Grazing - all livestock:
Number of paid permittees 14,211 15,029 13,996 11,983 10,491 9,113 8,962
AUMs authorized (1,000) 10,074 10,124 9,953 9,566 9,554 9,195 9,290
Timber:
Number of sales 235,585 366,874 289,043 275,895 271,963 255,825 216,272
Volume sold (MMBF)2 11,061 10,819 11,318 8,415 6,395 4,515 2,885
Volume harvested (MMBF)2 9,244 10,941 12,712 11,951 8,475 5,917 3,866
Recreation:
Visitor days (1,000) 227,708 225,407 238,458 252,495 278,849 295,473 345,083
Trails (Miles) 101,847 99,468 102,507 108,381 116,585 121,059 125,422
Nature and Wildlife:
Wilderness areas (number) 163 327 348 354 380 397 398
Wilderness acres (1,000) 25,228 32,102 32,457 32,534 33,586 34,584 34,577
Wild and scenic rivers (miles) 1,722 1,919 2,404 3,338 3,417 4,316 4,385

NR = Not reported.
! Thousand board feet.
2 Million board feet.

Sources: USDA, ERS, based on U.S. Department of the Interior, Bureau of Land Management, Public Land Statistics (various years) and USDA, For-
est Service, Report of the Forest Service (various years).

Commercial users of Federal lands defexidtimg construction by the Federal Government. The
policies on a number of grounds. Ranchers argue thateconomies of many rural communities, particularly in
Federal rangelands are, on average, of lower quality the West, are heavily dependent on access to Federal
than private rangeland. Ranchers also fear that lands; reducing thiaccess, it is gued, would

raising Federal grazing fees would reduce ranch land increase unemployment in these areas.

values because the value of access to Federal lands is

capitalized into the value of ranches. Loggers argue In 1995 and 1996, a number of administration and
that roads into previously inaccessible areas of the congressional efforts attempted to effect changes in
NFS provide a stream of future recreatanmd logging the management of federally owned lands. Whether
benefits and that these beitejustify their designed to encourage economic development or
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promote conservation objectives, these efforts 1.1.13). Agricultural development (that is, the

generally metvith stiff opposition, and no major conversion of land to agricultural production) and

reforms affecting commercial or conservation grazing threaten the most speci2é? and 171.

activities on Federal lands were signed into law. Exposure to fertilizers and pesticides is a factor in the
listing of 115 species. While farm production

While the debate over the use of Federal lands is accounts for the large majority of such listings, some

unlikely to be resolved in the near future, elements of listings are due to nonfarm uses of these chemicals.
the debate have been reflected in land-use patterns. Of the species listed due to the use of fertilizers and
Both NFS and BLM lands saw a margimigcrease in pesticides, 28 have been linked to fertilizers, 85 to

the amount of grazing allowed during 1983-95 (table herbicides, and 80 to other pesticides.

1.1.12). Both agencies also sharplgm@@sed their

timber sales, largely due to court injunctions brought Competition between agriculture and endangered

to address environmental issues, but also reflecting  species for land has heightened due to the Endangered
changes in forest management objectives and policy Species Act (ESA) of 1973. The stated purpose of

within BLM and FS. Rereaton and conservation the ESA is to provide a means for protecting

uses of BLM and FS lands increased significantly ecosystems upon which threatened and endangered
between 1983 and 1995. For the two agencies (T&E) species depend and to provide a program for
combined, the number ofaeatonal visitor days the conservation of such species. Several sections of

rose almost 64 percent while the area of designated the ESA have important implications for agriculture.
wilderness expanded 14.6 milli@eres. There were

also significant increases in the number of trail miles Section 6 prohibits State laws protectiegerally

and wild and scenic river miles on both FS and BLM listed T&E species from being less restrictive than the

lands. ESA. Hence, States have limited ability to grant
exemptions to ESA restrictions regardless of
Confilicts With Environmental Preservation compliance costs. Section 7 requiresi€ral agencies

to ensure that actions they fund, authorize, or carry
out are not likely to jeopardize the survival of T&E
species. Potentially, this brings commodity program
participants, users of federally supplied irrigation
water, and holders of Federal grazing permits and
leases within reach of the ESA. Additionally, Section
11 allows private agents to sue Federal agencies to
force their compliance witESA provisions. This has
caused concern that the ESA may be used to restrict
pesticide use because these products can be
distributed in the United States only if they have been
registered or exempted from registration by the
Environmental Protection Agency. Finally, Section 9
makes it illegal to take, possess, transport, or traffic in
listed animals except by permit; for plants it is illegal
to collect or maliciously damage endangered species
on Federal lands. For listed animal species then, the
ESA can affect land-use decisions on both public and
private lands; for listed plant species, it can affect
land-use decisions only on Federal lands.

Virtually all of the Nation’s 460 million acres of
cropland and much of its 591 million acres of
grassland pasture and range were once wetlands,
forest, native grassland, or some other natural
ecosystem. In converting these lands to agricultural
uses, many of their environmental goods and services
have been damaged or lost. Additionally, incidental
consequences of crop and livestock production, such
as soil erosion and farm chemical runoff, can stress
connected ecosystems. Conservation has become a
recurring issue in agricultural policy for two reasons.
First, government policies have often encouraged the
conversion of natural areas to agriculture and the use
of production practices with negative environmental
impacts (for exampleshemical-intensive monoculture
systems). Second, the private benefits of conservation
are often insufficient to induce farmers and ranchers
to protect natural resources at levels that are optimal
from a social perspective. This section briefly
discusses five areas where conflicts between
agricultural and environmental uses of land are likely

to become important policy issues. Wildlife Habitat. Agriculture affects the welfare of

wildlife populations beyond endangered species.

While a few species have adapted well to farm
systems (for example, white-tail deer, Canada geese,
raccoons, and coyotes), agriculture has negatively
impacted most species. Over the last 30 years, habitat
loss due to conversion of land to agriculture has
reduced wild species numbers more than any other
human activity (McKenzie and Riley, 1995). In

prairie regions between 1980 and 1989, for example,

Endangered SpeciesAs of September 30, 1995,
663 plant and animal species inhabiting the
contiguous 48 States (during at least some part of
their life cycle) were listed by theeBeral

Government as threatened or endangered. Of these
species, 380 are listed, at least in part, due to
activities typically associated with agriculture (table
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Table 1.1.13—Federally listed threatened and endangered (T&E) species in the contiguous 48 States by

source of agricultural threat as of September 30,

1995t

Source of agricultural threat

Species All T&E Agriculture2 Agricultural Grazing Fertilizers Herbicides Other Fertilizers
species development3 pesticides4 and
pesticides5
Number of species

All species 663 380 272 171 28 85 80 115

Vertebrates: 240 138 106 57 9 18 34 39
Amphibians 10 6 6 3 1 2 2 2
Birds 42 26 20 16 0 3 8 9
Fish 107 64 47 23 6 9 14 17
Mammals 55 27 23 9 1 3 6 7
Reptiles 26 15 10 6 1 1 4 4

Invertebrates: 129 79 63 18 18 37 40 43
Arachnids 5 0 0 0 0 0 0 0
Clams 57 42 39 1 15 30 31 32
Crustaceans 17 11 9 1 2 4 2 4
Insects 29 18 11 11 0 2 5 5
Snails 21 8 4 5 1 1 2 2

Plants: 294 163 103 96 1 30 6 33
Angiosperms 286 160 102 94 1 30 6 33
Gymnosperms 2 1 1 0 0 0 0 0
Ferns 6 2 0 2 0 0 0 0

Table excludes listed marine species and domestic species found only outside the contiguous United States. Some species threatened by nonfarm

uses of pesticides and fertilizers are included.

2 Column 2 does not represent the sum of columns 3-7 because many species face more than one threat from agriculture.

3 Conversion of land use to cropland.

4 With respect to agricultural production, the term "pesticides" generally refers to a wide range of chemical compounds that include herbicides, insecti-
cides, fungicides, nematicides, rodenticides, and fumigants. Herbicides, insecticides, and fungicides account for the large majority of pesticide

applications in agriculture.

5 Column 8 does not represent the sum of columns 5-7 because many species are threatened by more than one type of chemical.

Source: USDA, ERS, based on data supplied by BioData, Inc., 1995.

populations of grassland-nesting birds declined 25 to
65 percent. Many duck populations have also fallen
dramatically. Mallard, winged teal, and pintail
populations, for example, have declined 43, 45, and
71 percent since the 1970’s.

At the same time, agriculture must be a key
component of any national wildlife conservation
program. Within the 48 States, the farm sector owns
vast quantities of valuable wildlife habitat, including
over 60 percent of all wetlands and 38 percent of all
forests and woodlands. Agricultural producers also
have senior use rights to millions ofradeet of

surface water in the West. Finally, tens of millions of
acres of cropland and pasture have high wildlife

habitat restoration. Additionally, the success of the
Conservation Reserve Program (CRP) in enhancing
many wildlife populations is promisingsee chapter
6.3, Conservation Reserve Program

Wetlands. In 1780, there were an estimated 221
million acres of wetlands in what is now the
contiguous 48 States; a recent estimate is less than
124 million acregsee table 6.5.1 in chapter 6.5,
Wetland Programs Bringing land into agricultural
production accounts for more than @ércent of all
wetlands lost since colonial times (U.S. Congress,
OTA, 1993). Nearly a third of all wetlands losses
have occurred in the farm-intensive States of lllinois,
Indiana, lowa, Michigan, Minnesota, Ohio, and

producing potential and are thus prime candidates for Wisconsin (Dahl, 1990).
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In recent years, the full range of ecological functions
and economic benefits associated with wetlands has
become much better understood; these include critical
wildlife habitat, temporary stormwater storage,
groundwater rechargingpjution control, sport

hunting and fishing opportunities, wildlife viewing,

and breeding grounds and nurseries for many
commercially important fish, fur, and game species.
As a result, Federal wetlands policy liasreasingly
emphasized conservation, and much of this policy
shift has been directed at agriculture. Swampbuster
provisions of the Food, Agriculture, Conservation, and
Trade Act of 1990, for example, denied crop subsidy
payments to farmers who converted wetlands to boost
commodity program@eage—even ithe converted
wetlands were not directly used to produce program
crops (U.S. Congress, OTA, 1993). Violation of
Swampbuster regulations can mean the loss of
eligibility for all farm program benefits—including
commodity program participation, crop insurance, and
disaster payments—until the violation is remedied.
The Wetlands Reserve Program and the Emergency
Wetlands Reserve Program pay farmers to preserve
their wetlands and offer cost shares to encourage
wetlands restoration.

Agriculture’s role in converting wetlands to other uses
has been declining. Between 1954 and 1974,
agriculture accounted for 81 percent of all gross

species as well as their predators. Soil sediments can
decrease slight penetration in water bodies,
deteriorate spawning grounds, and reduce supplies of
dissolved oxygen.

Because of the widespread nature of environmental
problems associated with agricultural runoff, water
quality will continue to be an important source of
conflicts between the farm sector and the
environment. (For more detail, see chapter W&ter
Quality, and chapter 6.2Nater Quality Program)s

Air Quality. Onfarm air pollution hasecently

received increased attention. Principal concerns
include crop damage, noxious odors, particulate
matter or dust, and wildfires. Crop damages occur
due to off-farm pollution, such as ozone and other
airborne pollutants, drifting into agricultural areas
reducing growth and seed formation of field crops.
These yield reductions of 5-T&rcent are
concentrated in areas near laggpulation centers
(Westenbarger and Frisvold, 1995). While airborne
pollutants do not directly cause a severe reduction in
yields, they can weaken plants and make them more
susceptible to disease or insect damage.

Onfarm odors have brought about legal action by
nearby property owners, who have seen their quality
of life and property values suffer. These odors are

wetlands losses; between 1982 and 1992, it accountedgenerally a problem avad large-scale livestock

for only 20percent (see table 6.5.2 in chapter 6.5,
Wetlands Program)s Furthermore, this percentage
change reflects a decrease in conwvessof land to
agriculture rather than an increase in wetlands losses
due to other activities.

About 90 percent of the 124 million acres of wetlands
remaining in 1992 in the 48 States was on rural
nonfederal lands. Given its ownership of these land
resources, the farm sector will likely remain a
primary target of wetlands conservation efforts. (See
chapter 6.5Wetlands Programsdor more detail.)

Water Quality Agriculture threatens many wetland
and aquatic ecosystems via the discharge of runoff
laden with sediments and chemical residues.
Nationally, runoff from agricultural land accounts for
60 percent of the sediment and about half of the
phosphorus and nitrogen reaching freshwater systems
(Crutchfield and others, 1993). This cereate a

variety of environmental problems in aquatic
ecosystems. Nutrients from fertilizer applications can
increase algae and plant growth, which in extreme
cases can promote eutrophication of streams, lakes,
and estuaries. Residues from pesticide applications
can have toxic effects on freshwater and marine
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facilities, as well asiear farmghat fertilize with

stored manure sludge. Anticipated odor problems
have delayed or prevented construction of some
livestock or poultry operations. The backlash against
noxious odors has prompted some farmers to band
together to create “right-to-farm” zones that protect
farm operators against lawsuits by newcomers who
were aware of the farms’ existence before purchasing
their property.

Particulate matter, or “fugitive dust,” is a problem in
dry areas where wind erosion is high. The
Agricultural Research Service (ARS) and the Natural
Resources Conservation Service (NRCS) are working
with the Environmental Protection Agency (EPA) to
study conditions that lead to excessive airborne
particulate pollution.

Wildfires affect respiratory health in rurateas, and

the Forest Service and other agencies manage
controlled burning programs to reduce their incidence.
In a controlled burn, dry brush and dead trees are
removed by burning to remove the kindling that
contributes to uncontrolled wildfires.
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Using Agricultural Lands for Biomass and Fuel )

Production Figure 1.1.7--Share of harvested corn acres
L. . devoted to nonfeed uses

New uses for existing crops have helped to stabilize

. . . . Percent
demand for agricultural commodities. Corn, primarily
considered a feedgrain, is increasingly being used in B Food O Industrial
food and industrial products. Food uses—including | 25

high-fructose corn syrup, glucose and dextrose,
cereals and other products, food starch, and beverage .,
alcohol—uwill account for a forecasted 975 Iioih
bushels of corn in the 1996/97 (September 1-August
31) marketing year (Glaser, 1996). Corn used for
industrial uses and fuel alcohol productiorfiosecast

to require an additional 661 million bushels (of the
9.3 billion bushels of corn expected to be produced in
1996/97) (USDA, NASS, 1997a).

As the nonfeed demand for corn has increased, a ° 90/91 91/92 92/93 93/94 94/95 95/96 96/97

greater share of harvested corn acres has been devoted Marketing year - Sept. 1-Aug. 31

to food and industrial uses. Based on average yields,

food and industrial uses of corn will account for 13 Source: USDA, ERS, based on Glaser, 1995.

million of the 73 million acres of corn harvested in

1996/97 (USDA, NASS, 1997a). The share of total

harvested corn devoted to all food and industrial uses . .

is expected to be the same in 1996/97 as in agricultural crops, crop and livestock byproducts, and
1990/91—nearly 18 percent. It has been as high as herbaceous material and wood.

25 percent in intervening years (fig. 1.1.7). Much of _ ,

the increase in nonfeed uses of corn is a result of fuel The use of cropland to produce biomass as a primary
alcohol production, which increased from about 900  Product will depend on returns to biomass crops

million gallons in 1990/91 to an expected 1.4 billion ~ €xceeding the return to crops currently produced.
gallons in 1995/96. This may occur through increases in prices, including

scarcity of alternative energy sources, the need for the

Little of the production from the estimated 23 million ~USe Of biofuels to meet environmental quality

corn acres required for the food and industrial uses ~ Standards, or as a result of economic incentives.

has come at the expense of other commodities. SinceCropIand_ idled in the Conservation Reserve Program
1990/91, the total amount of acres planted to corn ~ (CRP) might be used to produce herbaceous or tree
plus the acres set aside under annual programs has CroPs as biomass energy sources through subsidies

declined from 85 million acres to 79 milliacres in that would keep the land out of crop production yet
1996/97. For the most part, the added food and protect and maintain the land resource. However, in
industrial demand for corn has been met through early 1996, there was increasing concern with

higher yields and stocks. Since 1990/91, ending com commodity scarcity, not excess stocks, and there was
stocks have averaged about 1.3 billion bushels per a call for releasing the CRP land for crop production.
year while the food and industrial demand for corn Thus, estimates of how much land might be used for
has averaged 1.5 billion bushels pear. However, biomass production require assumptions regarding the
ending stocks for corn have fallen during the 1990's  demands and supplies of agricultural commodities,
and added demand could soon have more noticeable YPes of energy needed, and environmental quality

impacts on acreagalocation and prices. programs (including taxes and incentives). One
recent analysis of biomass production in the United
Work on new commercial and industrial uses for States in 2000, 2005, and 2020 concluded that, with
crops, crop byproducts, and other renewable resourcesth® current estimates of the future price and yield
is continuous. Considerable applications are r_elatlonshlps, blomass-based electricity generation is
technically possible, but not economical compared ~ likely to be more of aichethan a mass market

with existing alternatives. For example, there is great Where electricity is expensive and biomass fuel is
interest in energy from biomass, which includes liquid €heap or incurs a gissal cost, e.g. waste wood,

and gaseous fuels as well as direct combustion of ~ Sawdust, etc.” (Roningen and others, 1995). (For
more discussion of energy from agricultural biomass,

see chapter 3.Energy)
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Potential Impacts of Global Climate Change

The potential for emissions gfeenhouse gases to
change Earth’s climate has been the subject of

concerted Federal research since the late 1970's. The

United Nations Framework Convention on Climate
Change was signed by representatives from 155
countries, including the United States, at the United
Nations Conference on Environment and
Development (the Rio Earth Summit) in 1992.
Ratification of the Convention by more than 50
nations occurred in late 1994, putting tgreement
into force. The United States was among the early
nations to ratify the Convention. The key provision
for land use is Article 2: "The ultimate objective of
this Convention ... is to achieve stabilization of

greenhouse gas concentrations in the atmosphere at a

level that would prevent dangerous anthropogenic
interferencewith the climate system. Such a level
should beachieved within a time-frame sufficient to
allow ecosystems to adapt naturally to climate
change, to ensure that food production is not
threatened and to enable economic development to
proceed in a sustainable manner.”

Recent research conducted at ERS links world land
and water resources with climate conditions and
economic activity to analyze how four climate change
scenarios might affect world agriculture and land use
(Darwin and others, 1995). Under the scenarios,
reduced productivity on Earth’s existing agricultural
lands, because of new temperature and precipitation
patterns, would be more than offset by expanding
agricultural production in new areas. Global food
production wouldncrease. However, if climate
change were relatively severe, increased food
production might not counter losses in other sectors
and global economic activity could decrease. Only
the effects of changes in atmospheric concentrations
of COp on climate were considered. The beneficial
effects of greater atmospheric concentrations o CO
on plant growth and the effects of changes in the
atmospheric concentrations of other gases like ozone
and sulphur dioxide on both the climate and plant
growth are still under study.

In the United States, all climate change scenarios
result in land use changes on at leaspd&ent of
existing cropland. In two scenarios, more than half of
all U.S. cropland ends up with a shorter growing
season and 8-19 percent is abandoned (40-9@mil
acres). Some farm communities would be severely
disrupted, particularly in areas where the only
economically viable adaptation would be to abandon
agriculture. Forest losses in some areas would be
offset by gains in others. Likewise, net change in
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pasture could be negative or positive (from -0.1 to 7.4
percent). The environmental effects of such land use
changes have yet to be determined, but will depend

on the rate of change in the climate and the speed at

which ecosystems migrate.
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LAND

1.2 Land Tenure

While most U.S. land was once held by the Federal
Government, 60 percent (including virtually all farmland)

is now privately owned. Most farms and most farmland
are held by individuals or families, but leased land
represents an increasing share of their operations as farm
numbers decline and average farm size increases. Partial
interests in land play a growing role in the conservation
efforts of public agencies and private organizations.

Contents
e OwnershipofU.S.Land....................... 27
e FarmlandTenure . ... ....... ... .. ... 30

e Federal Restrictions on the Use of Public and
Private Land .. ......... .. ... . . 35

e Non-Federal Programs to Preserve Land . .. ... ... 36

and tenure is the system of rights and institutions While 60 percent of U.S. land is privately owned

that shapes access to land. Ownership and leasingoday, land tenure patterns were significantly défe
are common features of land tenure in the United in the first century after independence. Between 1781
States. Less frequently recognized are zoning and 1867, through purchase, cession, and treaty, the
ordinances, subsurface mineral rights, conservation = Federal Government acquired lands totaling 81
easements, and other instruments that arise out of lawpercent of current U.&rea—the original “public
custom, and the operation of private markets. Land domain” (table 1.2.2). The largest acquisition, the
tenure influences decisions about how land and other Louisiana Purchase, added 530 million acres in 1803.
resources are used. These decisions, in turn, have
important economic and environmental consequences Figyre 1.2.1--Land ownership in the
for landowners and for other members of society. United States, 1992

Ownership of U.S. Land

The land surface of the led States covers 2.3 Federal
billion acres. Sixtypercent (1.4 blion acres) is
privately owned, 29 percent is ownedthg Federal
Government, 9 percent is owned by State and local
governments, and 2 percent is on Indian reservations
(fig. 1.2.1). Virtually all cropland is privately owned,
as is over half of grassland pasture and range and
forest land (table 1.2.1; cropland and other terms are
defined in the Glossary, p. 38).ederal, &ate, and

local government holdings consist primarily of forest
land and other land.

State and local

Indian 2.3%

Private

Note: Includes all 50 States for a total of 2.3 billion acres.
Source: USDA, ERS, based on Daugherty, 1995.
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Table 1.2.1—Ownership of land by major use,
United States, 1992

Crop- Grass- Forest other? Total*
land land land
Ownership pasture
& range
Million acres

Federal - 146 249 256 651
State & local 3 41 78 73 195
Indian® 2 33 13 5 53
Private 455 371 397 141 1,364
Total4 460 591 737 475 2,263

-- = |less than 500,000 acres.
! Includes reserved forest land in parks and other special uses.

2 Includes urban land, highways, and other miscellaneous uses; ex-
cludes an estimated 83 million acres in special uses that have forest
cover and, therefore, are included with forest land.

s Managed in trust by the Bureau of Indian Affairs, U.S. Department
of the Interior.

4 Totals represent all 50 States.
Source: USDA, ERS, based on Daugherty, 1995.

Other large acquisitions included cessions from the
original 13 States and from Mexico, as well as the
Alaska Purchase. Acquisitiomster 1867, including
purchase of degraded forest and farmlands, added
most of the Eastern United States’ national forests (45
million acres) as well as 4 millioacres ofnational
grasslands (National Research Council, 1993; U.S.
Department of Agriculture, Forest Service, 1993).

Table 1.2.2—Acquisition of the original

As of 1995, 1.1 billion acres of the original public
domain (51 percent of total U.S. area) had been
granted or sold by the Federal Government to States,
corporations, and individuals (table 1.2.3). Grants to
States totaled 329 million acres, including 65 million
acres of wetlands granted on condition fhraiceeds
from their subsequent sale to individuals be used to
convert those acres to agricultural production.
Another 288 million acrewere granted or sold

directly to homesteaders on condition that the land be
settled and cultivated. Disposition of Federal lands
had slowed by the 1930's, and in 1976 the Federal
Land Policy and Management Act explicitly directed
that most remaining Federal lands be retained in
Federal ownership (National Research Council, 1993).
Remaining Federal lands totaled 650 million acres in
1993 (table 1.2.4).

Most lands in Federal ownership are managed by four
agencies: USDAs Forest Service; and the Department
of the Interior’'s Bureau of Land Management (BLM),
Fish and Wildlife Service (FWS), and National Park
Service (NPS) (table 1.2.5). Federal lands are
concentrated in Alaska and the West (fig. 1.2.2, table
1.2.6). Forest Service and BLM lands are managed
for a variety of uses, including grazing, timber

harvest, and wilderness preservation, while FWS and
NPS lands are managed primarily for preservation and
recreaion. Controversies over public lands, for
example with regard to grazing and timber harvests,
have prompted proposals to transfer management, if
not ownership, of some of these lands to States and

public do main, 1781-1867

- Year(s) Land area Water area Total area Percent of Cost
Acquisition total U.S. land
----------------- Million acres---------------- Percent $ million®

State cessions 1781-1802 233.4 34 236.8 10.5 6.2
Louisiana Purchase® 1803 5234 6.5 529.9 23.4 23.2
Red River Basin 1782-1817 29.1 0.5 29.6 1.3 --
Cession from Spain 1819 43.3 2.8 46.1 2.0 6.7
Oregon Compromise 1846 180.6 2.7 183.4 8.1 --
Mexican Cession 1848 3345 4.2 338.7 15.0 16.3
Purchase from Texas 1850 78.8 0.1 78.9 35 155
Gadsden Purchase 1853 19.0 0.0 19.0 0.8 10.0
Alaska Purchase® 1867 365.3 12.9 378.2 16.7 7.2

Total 1781-1867 1,807.5 33.2 1,840.7 81.3 85.1

! Excludes areas eliminated by the treaty of 1819 with Spain.

2 Adjusted for the recomputation of the areas of the United States that was made for the 1980 decennial census.

3 Nominal dollars.

Source: USDA, ERS, based on U.S. Department of the Interior, Bureau of Land Management, 1996.
28 AREI/ Land



Table 1.2.3—Disposition of the original  public
domain, 1781-1995

Table 1.2.4—Federal land acquisition, disposition,
and holdings as of 1993

Acres Percent of

Disposition total
disposition
Million Percent
Granted to States for:
Support of common schools 77.6 6.8
Reclamation of swampland 64.9 5.7
Construction of railroads 371 3.2
Support of miscellaneous 217 1.9
institutions
Canals and rivers 6.1 0.5
Construction of wagon roads 3.4 0.3
Other? 117.6 10.3
Total granted to States 3285 28.7
Granted or sold to homesteaders® 2875 251
Granted to railroad corporations 94.4 8.2
Granted to veterans as military 61.0 5.3
bounties
Confirmed as private land claims® 34.0 3.0
Sold under timber and stone law® 139 1.2
Granted or sold under timber 10.9 1.0
culture law®
Sold under desert land law’ 10.7 0.9
Other® 303.5 26.5
Total dispositions, 1781-1995 1,144.4 100.0

1 Universities, hospitals, asylums, etc.

2 Construction of unspecified public improvements, reclamation of de-

sert lands, etc.

3 The homestead laws generally provide for the granting of lands to
homesteaders who settle upon and improve vacant agricultural pub-

lic lands.

4 The Government has confirmed title to lands claimed under valid
grants made by foreign governments prior to the acquisition of the
public domain by the United States.

5 The timber and stone laws provided for the sale of lands valuable

for timber or stone but unfit for cultivation.

6 The timber culture laws provided for the granting of public lands to
settlers on condition that they plant and cultivate trees on the lands
granted.

" The desert land laws provide for sale of arid agricultural public
lands to settlers who irrigate them and bring them under cultivation.
8 Chiefly public, private, and pre-emption sales, but includes mineral
entries, strip locations, and sales of townsites and townlots.

Source: USDA, ERS, based on U.S. Department of the Interior, Bu-

reau of Land Management, 1996.

counties. Federal land uses and conflicts are

described in greater detail in chapter 1.1; Federal

Iltem Million acres
Public domain acquisitions 1,840.7
- Public domain dispositions 11444
- Water area 33.2
- Lands held in trust 52.0
+ Net other Federal acquisitionsl 39.2
= Federal landholdings, 1993° 650.3

! This figure reconciles BLM data on public domain acquisitions, dis-
positions, and waters with GSA data on lands held in trust and
Federal landholdings in 1993. GSA reports net Federal acquisitions
of 59.9 million acres as of 1993.

2 This total reflects a 0.8-million acre decline in Federal ownership
from the 1992 total reported in table 1.2.1.

Source: USDA, ERS, based on U.S. Department of the Interior, Bu-
reau of Land Management, 1996; U.S. General Services
Administration, 1995.

Table 1.2.5—Federal landholdings by agency, 1993

Department/Agency Million  Percent of
acres total
Department of Agriculture 184.9 284
Forest Service 184.5 28.4
Other Agencies 04 0.1
Department of Defense 20.8 3.2
Department of the Interior 443.4 68.2
Bureau of Land Management 271.2 41.7
Fish and Wildlife Service 90.4 13.9
National Park Service 73.2 11.3
Other Agencies 8.6 13
Other Departments 1.2 0.2
Total* 650.3 100.0

! Reflects a 0.8-million acre decline in Federal ownership from the
1992 total reported in table 1.2.1.

Source: USDA, ERS, based on U.S. General Services Administra-
tion, 1995.

gas leases (Laitos and Westfall, 1987). By contrast,
grazing permits and livestock-use permits are
revocable licenses, and “convey no rightetior
interest held by the United States in any land or
resources” (U.S Department of Agriculture, Forest
Service, 1991).

The principal source of funding for Federal land

lands subject to conservation restrictions are discussedacquisitions today is the Land and Water Conservation

later in this chapter.

Fund (LWCF), created by Congress in 1964 (National
Research Council, 189 LWCF appropriations have

Even on lands remaining in Federal ownership, tenure fallen from about $800 million in 1978 to $100-$400
is complicated by the fact that private individuals and million per year since the early 1980’s; appropriations

corporations hold a variety of partial interests,
including rights of way, mineral leases, avitland

AREI / Land

for fiscal year 1997 are $149 million (fig. 1.2.3).
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Figure 1.2.2--Federal lands, by type, 1992
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. National forest, wildlife refuge, park, grassland,
game preserve, scenic waterway, wilderness area,
monument, lakeshore, parkway, or battlefield.

D Other Federal lands: mostly BLM, etc.

Source: USDA, ERS, based on data from USGS and NRCS 1992 National Resources Inventory.
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As of 1992, State and local governments in the 48
contiguous States owned a total of 107 millicrea
(table 1.2.6), or 6 percent of the total area of the 48
States. (The differences between these data and the
data in table 1.2.1 and figure 1.2.1 are accounted for
primarily by Alaska, where large State holdings
continue to grow as Federal land is transferred to

Figure 1.2.3--Land and Water Conservation
Fund appropriations, 1978-97
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Source: USDA, ERS, compiled from National Research Council,
1993 and "Land Letter" (various years).
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State ownership.) State holdings were highest in the
Mountain States, and local government holdinwgse
highest in the Lake States.

Foreign individuals and corporations owned 15
million acres (or 1.ercent) ofthe 1.3 billion acres

of privately owned agricultural land (see Glossary, p.
38) as ofDecember 31, 1995, overlf of it in the
Northeast, Mountain, and Pacific States (table 1.2.7).
Foreign holdings in 199%ere up shhtly over 1994
and 1981 (table 1.2.8). In 1995, foreign holdings
exceeded 2 percent of privately owned agricultural
land in nine States, led by Maine with 16 percent.
Forest land accounted for 49 percent of all foreign
holdings, pasture and other noncropped agricultural
land for 32 percent, cropland for 16 percent, and
nonagricultural land for 3 percent. Individuals and
corporations from Canada held the largest share of
foreign-owned agricultural land (32 percent), followed
by owners from the United Kingdom (p@rcent) and
Germany (11 percent) (Krupa and others, 1996).

Farmland Tenure

On private land, decades-long trends in farm size and
organizational structure continued between 1987 and
1992. Land in farms (see Glossary) totaled 946
million acres in 1992, down 18ercent from a peak
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of 1.2 billion acres in 1940 (Wunderlich, 1995; fig. 1960’s followed by a reversal in the late 1970’s and
1.2.4). Over about the same period, the number of  early 1980’s. Of the 1.9 million farms in 1992, over
farmland owners declined by half, farm numbers fell  half were still smaller than 180 acres (table 1.2.9).
by nearly three quarters to 1.9 million, an@rage Farms of 500 acres or more, representing 19 percent
farm size nearly tripled, to 491 acres. Farms of 500 of all farms, accounted for 8ercent of land in farms
acres or more continue to represent an increasing and 55 percent of total saleblearly half ofall farms
percentage ofotal farm numbers (fig. 1.2.5). sold less than $10,000 worth of agricultural products
Meanwhile, the percentages represented by farms of in 1992, while the Dercent of farms with sales over
1-49acres and 50-499 a&s have moved in opposing  $500,000 accounted for nearly half of total sales (fig.
directions since the turn of the century, indicatinga  1.2.6).

shift from the former to the latter in the 1950's and

Table 1.2.6—Land ownership by farm production region, 48 contiguous States, 1992 !
Region Federal State Local Indian Private Total
Million acres

Northeast 2.7 10.5 2.4 0.1 94.9 110.6
Appalachian 8.6 25 0.9 0.1 110.7 122.7
Southeast 8.0 4.4 1.2 0.2 108.4 122.1
Delta States 6.2 2.2 0.9 0.0 81.1 90.4
Corn Belt 3.6 2.8 2.2 0.0 154.8 163.4
Lake States 8.4 6.5 12.7 1.1 93.4 122.0
Northern Plains 6.2 3.8 14 4.7 177.3 193.5
Southern Plains 4.4 51 17 0.3 199.0 210.5
Mountain States 267.9 35.4 15 35.7 206.2 546.8
Pacific 91.6 6.7 19 3.7 99.6 203.5

Total 407.5 79.8 26.9 45.9 1,325.3 1,885.5

L All land, including urban land.

Source: USDA, ERS, based on 1992 National Resources Inventory.
Table 1.2.7—U.S. agricultural landholdings of Table 1.2.8—Proportion of foreign-owned to
foreign owners, 1995 privately owned agricultural land, 1981-95 !
Region Acres foreign- Percent of Percent of Selected States® 1981 1987 1993 1994 1995

owned private total
land rfglrc?ilr?g;‘s Percent
Arizona 2.1 25 3.2 3.2 3.2

Northeast 3,522,260 4.2 23.3 California 18 19 21 21 22
Lake States 744,100 0.8 4.9 Florida 18 2.0 2.6 2.6 2.6
Corn Belt 596,338 0.4 3.9 Hawaii 28 27 9.0 9.0 9.0
Northern Plains 215,055 0.1 1.4 Louisiana 0.6 25 28 27 28
Appalachian 669,381 0.6 4.4 Maine 14.1 9.0 134 11.4 16.4
Southeast 1,677,943 1.7 11.1 Nevada 0.7 0.6 35 35 4.7
Delta States 1,282,343 1.6 8.5 New Mexico 1.9 1.6 292 292 22
Southern Plains 1,265,983 0.7 8.4 Oregon 2.0 34 26 23 23
Mountain States 2,959,690 1.5 19.6 Total U.S. 1.0 1.0 1.2 1.1 1.2
Pacific 1,987,972 2.1 13.2
Alaska, Hawaii, 180,972 7.2 1.2 1 As defined by 7 USC 3508, includes both farm and forest lands.
& Puerto Rico 2 States with at least 2 percent foreign ownership in 1995.

U.S. total 15,102,037 1.2 100.0 Source: USDA, ERS, based on DeBraal, 1993, and Krupa

and others, 1996.
Source: USDA, ERS, based on Krupa and others, 1996.
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Concentration is receiving closer attention in ¢hse

of livestock production, with its associated waste
management, water quality, and odor concerns (see
chapter 2.2Water Quality. Since 1959, for example,
the number of farms on which hogs or pigsre sold
has fallen by more than 85 percent (fig. 1.2.7), while
the number of hogs and pigs sold has risen by 38
percent 1992 Census of Agriculture

Despite the changing scale of farm operations, sole
proprietorship continued to be the dominant

organizational structure for farm businesses in 1992,
accounting for 8percent of farms and 64 percent of
farmland, and generating 54 percent of the value of

Figure 1.2.4--Farms, farmland, farm owners,
and average acres per farm, 1900-92

8
Farms (millions) A
6 pa :
Farmland owners e
(millions)
4l
7\
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2 b (hundred acres) _ - <
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| | | | | L
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Source: USDA, ERS, based on Census of Agriculture,1954 and 1992.

Figure 1.2.6--Distribution of farms by sales, 1992

0 10
I

20 30
I I

40
I

50

Less than $10,000

$10,000 to $49,999

Percent of farms

$50,000 to $99,999
Percent of sales

$100,000 to $249,999

$250,000 to $499,999

$500,000 or more

Source: USDA, ERS, based on 1992 Census of Agriculture.
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agricultural production (table 1.2.10). Even among
farm corporations, nearly 90 percent were family-held
in 1992. While fewer in number and smaller in total
acreage than sole proprietaps) partnerships and
corporations were larger on average, in terms both of
acreage and of value of production.

While most farm businesses are sijflerated as sole
proprietorships, declining numbers of owners and
increaitng farm sizes have resulted in changing
farmland ownership patterns. About 58 percent of all
farms are now operated by full owners (who own all
of the land they farm), 3ftercent are operated by part
owners (who own part of the land they farm), and 11

Figure 1.2.5--Changing size and concentration
in U.S. agriculture, 1900-92
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Source: USDA, ERS, based on Census of Agriculture, 1954 and 1992.

Figure 1.2.7--Livestock farm numbers, 1959-92
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Table 1.2.9—Size structure of U.S. farms, 1992
Number of farms operated by Land in farms Total sales
(acres) ($ billion)
Full owners Part owners Tenants Total
Total 1,111,738 596,657 216,905 1,925,300 945,531,506 162.6
Percent of total
1-9 acres 7.2 0.4 1.0 8.6 0.1 3.0
10-49 acres 15.9 2.6 1.7 20.1 1.1 6.8
50-99 acres 10.6 2.8 1.3 14.7 2.2 5.6
100-179 acres 9.9 3.9 1.7 15.6 4.3 7.8
180-259 acres 4.6 3.2 1.1 8.9 3.9 6.2
260-499 acres 5.2 6.3 1.8 13.3 9.7 15.2
500-999 acres 25 5.8 1.4 9.7 13.7 19.8
1,000-1,999 acres 1.0 35 0.7 5.3 14.7 16.3
2,000+ acres 0.8 2.4 0.5 3.7 50.4 19.3
All farms 57.7 31.0 11.3 100.0 100.0 100.0

Source: ERS, USDA, based on 1992 Census of Agriculture.

percent are operated by tenants (who rent all of the
land they farm) (table 1.2.9). While full owners
outnumbered part owners and tenants in 1992, part
owners operated larger farms on average (883 acres)
than either full owners (266 acres) or tenants (566
acres) {992 Census of Agriculture Three-quarters

of full owners operate farms smaller than 180 acres,
while two-thirds of part owners operate farms of 180
acres or more. Between 1987 and 1992, part owners
increased both as a share of total farm operators (29
to 31 percent) and in terms of the shar¢otdl land

in farms they operated (54 to 56 percent).

The growth in part ownership reflects the increasing
importance of leasing as a means of access to
farmland. Farmland may be rentedt for a variety

of reasons, for example, as an investment by a
nonoperahg owner or as a reduction in the scale of
operation by a farmer approae) retirement.

Farmland may also be rentedfor a variety of
reasons. For example, it allows farmers to avoid
tying up equity capital in land, reduces risk associated
with asset deprecian, increases management
flexibility in overall size ofoperaion and

combination of land types, and provides a means of
entering agriculture (Rogers, 1991). Of the 946
million acres of farmland in 1992, nearly 43 percent
(405 million acres) were rented by farm operators, up
from 35 percent in 1954 and the highest proportion
since 1940 (Wunderlich, 1995; fig. 1.2.8). About 282
million acreswere rented by part ownerand 123
million acreswere rented by tenants.

AREI / Land

The increase in farmland leag has occurred
alongside an increase in land ownership by
nonfarmers. Land owned by nonfarming landlords
increased to 37 percent of all farmland in 1992, or
350 million acres, up from 3percent in 1987
(Wunderlich, 1995). The importance of nonfarming
landlords is evident in the nature of lease
arrangemets: nonfarming landlords may be less
involved in farming decisions than are landlords who
are farmers themselves, and this lesser degree of

Figure 1.2.8--Leased farmland as a percentage
of total farmland, 1900-92
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Table 1.2.10—Farms, land in farms, and value of production by type of business organization,

1992

Type of organization Farms Land in farms Value of production

Number  Percent Acres Percent  Acres per Total sales  Percent  Sales per
(million) farm (% billion) farm

($1,000)
Sole proprietorship 1,653,491 85.9 604.3 63.9 365 87.9 54.0 53.2
Partnership 186,806 9.7 152.8 16.2 818 29.3 18.0 157.0
Corporation 72,567 3.8 122.7 13.0 1,692 44.2 27.1 608.8
Family-held 64,528 3.4 110.8 11.7 1,718 34.4 211 533.0
Other 8,039 0.4 11.9 13 1,484 9.8 6.0 1217.7
Other 12,436 0.6 65.7 6.9 5,280 12 0.7 97.7
Total 1,925,300 100.0 945.5 100.0 491 162.8 100.0 84.5

Source: USDA, ERS, based on 1992 Census of Agriculture.

involvement may favor cash leases rather than
crop-share leases. In 1992, cash rents were paid on
65 percent of rented farms, or 27 percent of all farms.

The simultaneous growth in farm size, farmland
leasing, and part ownership—particularly the
predominance of part ownership among larger
farms—suggests that tenure arrangements may be
evolving to accommodate larger operational holdings
necessary for viable farming. Theu#g decline in
landowner participation in farming decisions may
have important implications for conservation since
owner-operators may differ from renter-operators in
their incentives to use and conserve land.

Table 1.2.11—Adoption of selected conservation practices in major producing States, 1994

Research on the relationship between tenure and
adoption of conservation practices has produced
mixed findings. Conventional expectations that
owner-operators are more likely than renter-operators
to adopt conservation practices are supported in some
circumstances but not in others. Recent Cropping
Practices Survey data show that the impact of tenure
on adoption varies with the nature of particular
conservation practices as well as by crop, HEL
(highly erodible land) designation, and farm program
participation (table 1.2.11).

Corn (10 States)

Soybeans (8 States) Seven crops (28 States)

Practice

Owner- Renter- Owner- Renter- Owner- Renter-

operator  operator operator  operator operator  operator
Number of observations 2,084 2,612 1,246 1,891 5,296 6,812

Percent of observations

Highly erodible land 20.3 18.1 18.7 16.8 24.0 210
Mulch tillage, 30% residue 22.0 23.2 27.7 231 217 19.9
No till 14.9 18.8 23.8 24.3 12.6 15.0
Ridge till 2.2 2.7 0.5 0.5 0.9 11
Row crops & small grains2 4.5 3.8 4.6 49 9.6 8.3
Hay, pasture, other! 10.1 4.5 2.5 3.3 5.5 3.1

! For States and crops included, see "Cropping Practices Survey" in the appendix.

2ps part of a 3-year crop rotation.
Source: USDA, ERS, 1994 Cropping Practices Survey data.
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Federal Restrictions on the Use of Public and
Private Land

Land tenure involves more than land ownership. To
balance landowners’ rights with the rights of other
members of society, rights to use land may be limited
by governrent regulations, zoning ordinances,
conservation easements, contracts, or other
instruments that arise out of law, custom, and the
operation of private markets (see box, “The Private
Property Rights Issue”). This holds true whether the
landowner is a private individual or the Federal
Government.

For example, as of 1993, 96 milliacres of Forest
Service, BLM, FWS, and NPS land had been
designated as wilderness by Congress, restricting the
use of motorized equipment, construction of buildings
and roads, development of commercial enterprises,
and other activities (U.S5eneral Accourmg Office,
1995). Another 33 million acres had been designated
as wilderness study areas, providing interim
protection until Congress makes a final decision on
their status. In all, 44 percent of Federal lands (271
million acres, including all 164 million acres managed
by FWS and NPS) are encumbered for conservation
purposes by legislative or administrative restrictions.

Federal programs also seek to encourage conservation
on privately owned land through both regulatory and
nonregulatory means. Through Conservation Reserve
Program (CRP) contracts and Wetlands Reserve
Program (WRP) easements, the Federal Government
acquires cultivation rights from willing farmers and
farmland owners in an effort to reduce soil erosion,
protect wildlife habitat, and improve water quality.

The Endangered Species Act and the Clean Water Act
regulate the ways in which landowners may use their
land. (These instruments, as well as other policy
tools, are discussed further in chapters 6.1-6.5) Most
CRP contract holders own the land on which they
hold CRP contracts. In 1993, 72 percent of CRP
contract holders (controlling 70 percent of CRP acres)
were owner-operators, 16 percent (controlling 15
percent of CRP acres) were owner-nonoperators, and
5 percent (contrdlhg 7 percent of CRP acres) were
renter-operators (Osborn, Schnepf, and Keim, 1994).
WRP participation is limited to landowners. In
addition, Federal tax code provides income and estate
tax benets for landowners who donate interests in
environmentally valuable land to qualified

conservation organizations.

The Private Property Rights Issue

Property rights are the building blocks of land tenure. Property rights may be held publicly, as in federally owned na-

tional forests; held privately, as in most U.S. farmland; or held in combination, as when a government agency ac
conservation easement on private land. A particular landowner may hold the rights to use his or her property for
ous purposes and to receive benefits or profits from those uses. Those rights generate value. Because a lando
actions on his or her land may also generate adverse effects beyond the parcel’s boundaries, however, thaalightd
landowner are generally limited by the rights of other landowners and the rights of other members of society. Th
limitations take the form of local, State, and Federal restrictions on land use.

Private property is protected by the Constitution’s Fifth Amendment, which states that private property shall not b
taken for public use without just compensation. Only physical appropriations of property were viewed as “takingg
til 1922, when the Supreme Court ruled that regulation could also be considered a taking if it went “too far”
(Pennsylvania Coal Company v. MahorEven so, the courts have considered a regulation’s impact on a property’s|
value as only one among several criteria—such as the nature of the public purpose accomplished by the regulati
determining whether a taking has occurred.

Legislation recently considered by Congress would require the Federal Government to compensate landowners V|
ever Federal restrictions on land use cause property values to fall by more than a threshold percentage (Wiebe,
and Kuhn, 1995). Such legislation would have established diminution in value as a sufficient criterion by which t3
could be determined, regardless of other economic and legal criteria. Most States have also considered takings
tion in recent years, and 20 States have now enacted takings bills. Most of the bills passed by State legislatures
“takings impact assessments” rather than compensation for diminished property values, but six States (Florida, L
ana, Mississippi, Oregon, Texas, and Washington) passed compensation bills ibat@bblfe Law Repqrii995).

Oregon’s bill was vetoed by the Governor in July 1995, and Washington’s was defeated in a referendum in Nove

1995, a year after voters defeated a similar measure in Arizona (American Resources Information Network, 1997).
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Table 1.2.12—State farmland preservation programs, 1996

State Year established

Acres preserved

Number of farms Average cost per acre?

Maryland 1977 122,068 837 $877
Massachusetts 1977 37,445 409 $2,718
Connecticut 1978 25,192 165 $2,951
New Hampshire! 1979 8,469 127 n.a.
Rhode Island® 1982 2,428 30 $5,766
New Jersey 1983 28,713 195 $3,236
Pennsylvania 1988 76,360 611 $2,113
Vermont 1988 36,580 111 $598
Maine® 1990 307 1 $1,238
Delaware 1991 8,500 31 n.a.
Kentucky 1994 0 0

Total 1977-94 346,062 2,517 n.a.

n.a. means not available; -- means not applicable.
! Data as of July 1995.
2 Current dollars.

Apart from its treatment of conservation easements in
the tax code, the Federal Government's role in
farmland preservation consists of thpgeces of
legislation. The Farmland Protection Policy Act, part
of the 1980 Farm Act, requires Federal agencies to
identify and minimize adverse effects of their
programs on farmland preservation and to ensure
compatibility with State, local, and private farmland
preservation programs. The Farms for the Future Act,
part of the 1990 Farm Act, authorizes the
establishment of an Agricultural Resource
Conservation Demonstration Project, which provides
Federal loan guarantees and interest rate assistance
for State trust funds through the Farmers Home
Administration. So far only Vermont has been given
authority to participate. In 1996, the Federal
Agriculture Improvement and Reform Act increased
direct Federal participation in farmland protection by
establishing a Farmland Protection Program at the
Federal level. This program is to protect
170,000-340,000 acres of prime, unique, or other
farmland through USDA acquisition of easements or
other interests in farmland, with funding of up to $35
million from the Commodity Credit Corporation.
About $14 million has been spent so far to help
acquire easements on 76,000 acres in 17 States.

Non-Federal Programs to Preserve Land

State and local government agencies and
nongovernmental organizations also acquire partial
interests in private land for conservation purposes,
including the preservation of farmland, wetlands, and
wildlife habitat. Farmland preservation programs,

36

which seek to retain land in agricultural use when
land values rise due to urban pressure, operate
primarily at the State and local levels.

One method used by State governments is to tax
agricultural, forest, and open lands based on their
current-use value rather than on their market value
(which might reflect development pressure).
Beginning with Maryland in 1956, all 50 States have
now established programs that providef@mertial
property tax treatment for agricultural land (Malme,
1993; Aiken, 1989). Twenty States have "pure
preferential programs,” which provide special
treatment whe land remains in agricultural use but
extract no penalty when land use changes. Other
States impose deferred or "roll-back” taxes plus
penalties when land is converted in order to recover at
least a portion of the difference between the taxes
paid and the taxes that would have been due without
preferential treatment. Preferential property tax
treatment programs have generally had a limited
effect in preventing conversion of farmland to more
intensive uses because the tax beneffeyed have

not matched the profits available from conversion in
areas experiencing development pressure (Malme,
1993).

In addition to property, income, and estate tax
incentives for farmland preservation, public and
private agencies also prevent farmland conversion
through acquisition of agricultural conservation
easements. Conservation easements are restrictions
on land use voluntarily negotiated between
landowners and conservation organizations (both
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Table 1.2.13—County farmland preservation
programs, 1995 !

County Farms preserved Acres preserved
to date to date
Montgomery (MD) n.a 46,813
Marin (CA) 38 25,504
Carroll (MD) 184 24,604
Lancaster (PA) 260 22,000
Sonoma (CA) 48 21,000
Howard (MD) 142 20,119
Caroline (MD) 131 18,350
Harford (MD) n.a. 16,861
Baltimore (MD) 107 11,714
Queen Anne’s (MD) 53 10,411

n.a. means not available.

! These data overlap to an undetermined extent with the State data
in table 1.2.12.

Source: USDA, ERS, based on Farmland Preservation Report, 1996.

public and private) that are binding on current and
future landowners over a specified period of time.

Figure 1.2.9--Land protected by land trusts

as of 1994
Acres protected (million)
0 1 2 3 4 5
Northeast | |
Lake States
Corn Belt

Northern Plains [ Local, State, & regional

Appalachian B The Nature Conservancy

Southeast
Delta States
Southern Plains
Mountain

Pacific

Source: Compiled by ERS from Wiebe (1995).

protected by The Nature Conservancy was highest in
the Mountain States, at 3.2 million acres (fig. 1.2.9).
Acreage protected by local, State, and regional land
trusts was highest in the Northeast, at 2.1 million

State and county programs generally acquire farmland acres.

preservation easements at fair market value, defined
as the diference between the fair market value of the
land unencumbered by an easement and the value of
the land in agricultural use (Wiebe, Tegene, and
Kuhn, 1996). Farmland preservation programs using
easement acquisition have been established in 11
States to date, beginning with Maryland in 1977
(table 1.2.12). Maryland’s is the largest program,
protecting over 122,000 acres on over 800 farms so
far. The State programs together have protected over
346,000 acres on over 2,500 farms, at average costs
ranging from $598 per acre in Vermont to $5,766 per
acre in Rhode Island. County farmland preservation
programs are also active in many States, although the
Nation’s 10 largest county programs are concentrated
in Maryland, California, and Pennsylvania (table
1.2.13).

Farmland preservation is also a goal of many land
trusts, nonprofit conservation organizations that
protect land from more intensive uses through direct
involvement in voluntary land transaction activities
(Wiebe, 1995). Over 1,000 land trusts operate at the
local, State, or regional level, protecting 4 million
acres through land ownership, conservation

The number of local, State, and regional land trusts
grew by 30 percent between 1990 and 1994, to 1,145.
Acreage protected grew by 49 percent over the same
period. About 0.6 million acresere owned by such
land trusts, 0.9 millioracres were transferred to other
private or government conservation agencies, 0.8
million acreswere protected by conservation
easements, and 1.8 million acres were protected by
other means. Acreage protected by The Nature
Conservancy increased by 51 percent between 1990
and 1994. About 0.7 million acregere owned, 2.6
million acres had been traesfed to other

conservation agencies, 0.6 million acvesre

protected by conservation easements, 1.8 million
acres were protected under lease or management
agreements, and 2.1 nilh acres were protected by
other means.

The ultimate success of public agencies and private
organizations in using easements and other partial
interests in land to protect environmentally sensitive
areas depends on the specific land-use restrictions that
individual agreerents contain. These restrictions may
vary widely from one agreement to the next. Program

easements, and land transfers to government agenciessuccess also depends on the strictness with which

A few land trusts operate nationwide. The largest of
these, The Nature Conservancy, specializes in the
preservation of biodiversity, protecting 8lion acres

in the United States. Other national land trusts had
protected 2 million acres as of 199Acreage

AREI / Land

these restrictions are monitored and enforced.
Authors: Keith Wiebe, (202) 501-8283

[kdwiebe@econ.ag.gov], Roger Claassen, and
Abebayehu Tegene.
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Glossary

Cropland—Farmland in crop rotations, including cropland used for crops, idle cropland, and cropland used for pal
only, totaling 460 million acres in 1992 (Daugherty, 1995; table 1.2.1).

Family farm—A variety of characteristics have been used to describe family farms, but none has gained widespr
ceptance. Among these characteristics are the extent to which a single family owns or controls farm assets, pro
management and labor, and accepts risk, as well as the extent to which the farm business is the family’s principd
of income. The relative emphasis placed on each criterion varies widely and has been the subject of some contr
(for example, in debates over who should receive farm program benefits). Only the Farmers Home Administratio

Sture

pbad ac-
ides

| source
oversy
h cur-

rently uses a family farm definition as a qualifier for a government program, based very broadly on farm income and

family contributions to management and labBode of Federal Regulation§1941.4).

Farm—The Census of Agricultureefines a farm as any place from which $1,000 or more of agricultural products
sold or normally would have been sold during a year. There were 1.9 million such farms iA9®OZénsus of Agri-
culture 1994; table 1.2.9; fig. 1.2.4).

Farmland—Land in farms (see above) as determined byC#wesus of Agriculturgotaling 946 million acres in 1992

vere

(table 1.2.9; fig. 1.2.4).

Land in farms is used interchangeably with farmland (see above).

Privately owned agricultural land—All private lands (table 1.2.1) less transportation and urban lands (Krupa and qth-
ers, 1996). Includes cropland, pastureland, forest land, and rangeland, and totaled 1.3 billion acres in 1995.
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gram goals, procedures, and achievements are discussed, along with the role of private land trusts and of Federal
tax incentives for donation of conservation easements.
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the 48 contiguous States in 1991, according to Farm Costs and Returns Survey data. The average farm gengrated
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government payments.
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1.3 Land and Soil Quality

Maintaining and improving the quality of the Nation’s
soils can provide economic benefits in the form of
increased productivity, more efficient use of nutrients
and pesticides, improvements in water and air quality,
and the storage of greenhouse gases. Economic
measures of soil quality are needed to monitor and
assess the effects of agricultural activities on soil
properties. While measures of land capability,
productivity, and erodibility are well known, there is an
increasing emphasis on soil quality measures that
incorporate properties more fully reflecting a soil’s
potential for long-term agricultural production without
negative environmental impacts.

Contents
e Traditional Measures of Quality .. .............. 41
e Comprehensive Measures of Quality. ............ 47
e Land Quality and Resource Policy .............. 48
aintaining and improving the quality of the Traditional Measures of Quality

Nation’s soils can inease farm productity,
minimize use of nutrients and pesticides, improve
water and air quality, and help store greenhouse
gases. Developing economic measures of soil quality
requires a better understanding of the multiple
functions of soils and of the interactibetween
agricultural activities and soil quality. For example,
productivity measures reflect the privatencerns

Soil quality definitionscurrently follow two concepts
(Karlen and others, 1997; Seybold and others, 1997).
The first is the "capacity of thei$ to function”

(Doran and Parkin, 1994). The second is "fitness for
use" (Pierce and Larson, 1993; Acton and Gregorich,
1995). "Capacity of the soil to function” refers to the
inherent properties of soil formation, which include
climate, topography, vegetation, and parent material.

zﬂi;gggﬂg%efo'gﬂﬂﬁ gtg}r%l# ?mig)%ncggjbﬁﬁh 45 These are measured in soil surveys by characteristics
P P y such as texture, slope, structure, and soil color

e e i o] (USDA, 1992). “Finess for use* s 2 dynamic
y ; concept and relates to soils as influenced by human

'tgt%ree‘:‘tGFeagg dg{ﬁitg\fverﬁgggmgrgfpgrtﬁngﬁd_fo?fj needuse and management. This concept is often termed
soil health or condition. Measures of soil quality

qguality. Combining the many physical attributes of such as Land Capaitjl and Prime Farmland are

I(;fr}%i?dazoii g:z!lt)rlliIr?toe?oen%nrmgf\ljgllgglsc?gotrhselse thought to reflect the inherent properties of soil and
: gning are based on crop production. Other criteria are

'ndr'lcar‘t(ir% fBru;[honIy yr;/g_en te<?onorrrl1|c vaflu”es are \he Needed for other uses of land. The potential capacity
generated for these indicators can we TUlly assess e ¢ 5 o4 1o function must be assessedore a soil's

tradg-offs_associated with alternative private and fitness for use can be measured (Mausbach, 1997)

public actions. Measures of land and soil quality should also account
for scale, both spatial and temporal (Halvorson,
Smith, and Papendick, 1997). Scale is important
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Table 1.3.1—Cropland and soil quality, selected measures,

19921

Measure

Cultivated CRP Total Cultivated CRP Total
cropland cropland
1,000 acres Percent of acres
Land capability class in 1992:
I (highest land quality) 26,945 214 27,159 7.0 0.6 6.5
Il 177,337 7,584 184,921 46.4 223 44.4
I 116,687 14,240 130,927 30.5 41.8 31.4
IV and above (lowest quality) 61,349 12,001 73,350 16.1 353 17.6
Total 382,317 34,040 416,357 100.0 100.0 100.0
Prime farmland in 1992 215,731 9,688 225,419 56.4 28.5 54.1
Erodibility in 1992: 2
Highly erodible from water only 51,924 na na 135 na na
Highly erodible from wind only 48,933 na na 13.0 na na
Highly erodible from both 3,516 na na 0.9 na na
Subtotal highly erodible 104,373 19,796 124,169 27.4 58.2 29.8
Not highly erodible 277,944 14,244 292,188 72.3 41.8 70.2
Total 382,317 34,040 416,357 100.0 100.0 100.0

1 Includes cultivated cropland and land enrolled in the Conservation Reserve Program (CRP) in the contiguous States, Hawaii, and the U.S. Carib-

bean islands (less than 0.75 million acres).

2 Highly erodible land has an erodibility index for sheet and rill erosion or for wind erosion greater than or equal to 8.
Source: USDA, ERS, analysis of NRCS 1992 National Resources Inventory data.

becausesoil quality changes over time and is different
by region. Some traditional measures of land quality
are discussed in this section.

Land Capability and Suitability Some measures of
land quality are used to monitor the capability or
suitability of land for a particular purpose, such as
growing crops or trees, grazing aiis, or
nonagricultural uses. Data on two commonly used
measures—Iand capability classes (LCC) and the
prime farmland designation—have been collected in
the National Resources Inventory (NRI), conducted
by USDAs Natural Resources Conservation Service
(NRCS) every 5 years (USDA, 1994 and 1989b). (See
appendix for a description of the NRI.)

Land capability classes range from | to VIII. Class I,
about 7 percent of U.S. cropland, has no significant
limitations for raising crops (table 1.3.1). Classes Il
and Il make up just over tee-fairths of U.S.
cropland and are suited for cultivated crops but have
limitations such as poor drainage, limited root zones,
climatic restrictions, or erosion potential. Class IV is
suitable for crops but only under selected cropping
practices. Classes V, VI, and VII are best suited for
pasture and range while Class VIl is suited only for
wildlife habitat, recreation, and other nonagricultural
uses (USDA, 1989a). Land capability classes I

42

total 343 millionacres, or 82 percent of U.S. cropland
including land in the Conservation Reserve Program
but excluding Alaska (fig. 1.3.1, table 1.3.1).

Prime Farmland Another measure of land suitability
is USDA prime farmland, which is based on physical
and morphological characteitst such as depth of the
water table in relation to the root zone, moisture-
holding capacity, the degree of salinity, permeability,
frequency of flooding, soil temperature, erodibility,
and soil acidity. Land classified as prime farmland
has the growing season, moisture supply, and soil
guality needed to sustain high yields when treated and
managed according to modern farming methods
(USDA, 1989a). Prime farmland totals 225 million
acres, or 54 percent of U.S. cropland, excluding
Alaska (fig.1.3.2, table 1.3.1).

These measures of land quality are often confused
with the capability of land to produce economic
returns. Land in capability classes I-Ill or prime
farmland does not necessarily halre highest value

of crop production per acre (see Vesterby and Krupa,
1993). Alternatively, lands earning high economic
returns may not be classified as prime farmland or in
LCC I-lll. For example, prime and LCC are based on
characteristicshat reflect suitability for row crop
production. Florida and Arizona have little prime
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Figure 1.3.1--Distribution of cropland in land capability classes LIl and Il on rural nonfederal land
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Source: USDA, ERS, based on NRCS 1992 National Resources Invertory and Soils-5 databases.
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Figure 1.3.2--Distribution of prime cropland on rural, nonfederal land
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Figure 1.3.3--County average net cash return per acre of cropland
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farmland or land in LCC-lll, but these areas rank
among the mostconomically productive in the
Nation. (New irrigation will sometimes change a
classification from nonprime to prime if other soil
characteristics needed for a prime classificatre
present.)

Productivity. Soil productivity, which measures
output per unit of input, is often the primary reason
for monitoring soil erosion (or other degradation
processes) and is itself a measure of soil quality.
Productivity is often measured as crop yield per.acre
Another indicator of land quality is the expected net
returns per acre from production (dollar returns to
production net of cash production costs). Highest
values are in coastal areas where climsaé,

location, and irrigated conditions favor production of
perishable crops (fruits and vegetables), or where
integrated livestock operations draw from an extended
cropping area (fig. 1.3.3). The next most productive

lands are in the Corn Belt, Lake States, the Northeast,

and Southern Coastal Plain. The least productive

components of soil quality; lands of poor physical
guality (as measured by erosion, texture, organic
matter) can sometimes produce very high yields
without largeincreases in jput use (Vesterby and
Krupa, 1993).

Erodibility. A commonly used measure of soil quality
is highly erodible land (HEL), which is of particular
importance for USDA conservation policy (see
chapter 6). Because the actual tons of wind- and
water-erodedal do not usefully measure the erosion
potential on particular soils, USDA uses the
erodibility index(El) to inventory and classify erosion
potential and to determine conservation program
eligibility. Highly erodible soils have the potential for
erosion because of relatively unchanging physical
attributes. Associated with sheet and rill erosion are
rainfall pattern, soil texture, and topography;
associated with wind erosion are climatic and soll
erodibility factors. Erosion rates can be reduced if
hay or close-grown crops are grown, if tillage
methods are used with appropriate crop residue

lands, by this net returns measure, are in bands acrossmanagement, and if conservation practices are

the Northern Plains and Central Plains. Productivity
can reflect soil degradation if yields decline as soils
become degraded or if input use increases to
compensate for declines in soil quality. However,
productivity often masks environmental or health
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employed. An assessment of erosion needs to
consider both the physical potential for erosion and
the erosion rates resulting from management choices.
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Figure 1.3.4--Distribution of highly erodible cropland on rural, nonfederal land

Percent of cropland
thatis highly erodible

[ ]o-35%

[135.1 -80.0% ECONOMIC
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Source: USDA, ERS, based on NRCS 1992 National Resources Inventory and Soils-5 databases.

Figure 1.3.5--Value of onsite soil productivity loss

Key
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) RESEARCH
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Dryland cash rent divided by years of topsoil depth remaining at current erosion rates.
Source: USDA, ERS, based on NRCS 1992 National Resources Inventory.
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Highly erodible lands are more vulnerable to soil
guality problems, but if erosion is controlled, they
may be productive soils. Any soils that are eroding
are considered to have lower quality than similar soils
that are protected from erosion. Soil quality suffers
on eroding soils, but simply controlling erosion does
not necessarily translate to high-quality soils since
compaction, acidity, salinization, and biological
factors play a part in the quality of the soil
(Mausbach, 1997).

The EI divides potential erosion (sheet and rill, or
wind) by the soil loss tolerance factor (T-level, the
rate of soil erosion above which long-term soil
productivity may be depleted) to reflect erosion
potential relative to vulnerability to productivity loss.
(Heimlich and Bills, 1989; McCormack and Heimlich,
1985). Highly erodible land (HEL) is defined by
USDA as cropland with a natural erosion potential of
at least eight times its T-level. According to the 1992
NRI, 124 million acres of cultivated cropland and
CRP land are highly erodible from water, wind, or
both (table 1.3.1). However, for purposes of
administering the conservation compliance provision
of the 1985, 1990, and 1992 Farm Acts, USDAs
NRCS has classified 146 million acres as HEL, which
includes some 22 million acres of other soils in fields
that are primarily highly erodible soils (for more
information on Conservation Conmgahce, see chapter
6.4). Highly erodible soils are found in all States
(fig. 1.3.4).

Another measure of productivity loss due to erosion
converts total erosion from tons per acre per year to
inches per year. The rate of expedied loss in

inches is divided into the topsoil depth (the A
horizon) recorded in the Soil Interpretation Record
(SOILS 5) (USDA, 1983). This measures how many
years it would take to nreove thetopsoil at the

current rate of erosion (on the extreme assumption
that all the eroded soil is removed from the field).
Multiplying the inverse of this measure by the cash
rental rate for cropland reflects the relative economic
value of soil productivity loss due to erosiofihree
factors are reflected in this measure: erosion rates,
soil depth, and rental values of land. Low erosion
rates or deep, long-lasting topsal® given less
weight, and highly productive (high rental rate) but
vulnerable soils (thin topsoil, high erosion rate) are
given more weight (fig. 1.3.5). This indicator
suggests four regional concentrations of vulnerable
soils, the largest centered on lowa, lllinois, and
Missouri in the Corn Belt. This region’s index values
are largely driven by the region’s relatively high rental

is the eastern bluffs of the Mississippi River in
western Kentucky, Tennessee, and along the eastern
edge of the Mississippi Delta. A third concentration
is the irrigated cotton area of the Texas Panhandle,
stretching up to the eastern edge of Colorado. The
final concentration is a band of highly erodible and
highly valued land in eastern Washington and Oregon
around the Palouse and Central Plateau.

The major onsite effect of soil erosion is the impact
on soil productivity. Research conducted in the
1980’s has improved our understanding of the
long-term relationship between erosion and
productivity (AAEA, 1986). The 1987 RCA
estimated that, under 1982 management conditions,
agricultural productivity would decline about 3
percent over the neti00 years, due to soil erosion.
Productivity loss would be concentrated on soils
eroding at high tolerance values or on very fragile
soils where even slight erosion can result in large
declines in yields (USDA, 1989a). Soil erosion also
contributes to off-farm sediment damage, estimated at
$2-$8 billion annually (Ribaudo, 1986).

Vulnerability. Interest in soil erosion and its
associated costs has been coupled with an increasing
interest in the loss of nutrients, pesticides, and salts
from farming systems to surface and ground water
(NAS, 1993). For example, indices to assess the
potential for groundwater contamination related to
agricultural chemical use (Kellogg, Maizel, and Goss,
1992) incorporate variables that reflect the propensity
of soils to leach pesticides and nitrates. The Ground
Water Vulnerability Indexes for Pesticides and
Nitrogen are functions of soil leaching potential,
pesticide and nitrogen properties, precipitation, and
chemical use. The Corn Belt, Southeast, and Lake
States have more acreage vulnerablpesticide
leachng, while the Northern and Southern Plains
show more acreage with a potential for nitrate
leachng (see figs. 2.2.2 and 2.2.4 in chapter 2.2,
Water Quality.

Land capability classes, prime farmland, and highly
erodible land designations are useful in determining
how land might be used or the degree and location of
erosion, but they are limited in that they exclude other
important charactetii€s of soils and pertain mostly to
cropland. Productivity measures, such as yields per
acre, or profitability measures, such as cash rents,
provide fairly direct indicators of the utility of land

for producers wishing to maximize the return on their
land investments. But, such measures are limited to
private interests and do not reflect the environmental

rates. While erosion rates are moderate in this region, vulnerability or harm the land mdgce.

the soil is relatively valuable. A second concentration
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Vulnerability indices are useful measures of potential
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environmental impacts and provide a needed link
between soil charactetiss and water quality. All

A soil's quality is determined by many properties
such as soil depthyater-holdingcapacity, bulk

these measures can provide policymakers and natural density, nutrient availability, potential capacity,

resource managevath information for beginning to
design and target policies for resource management.
But, as we broaden our understanding of land as a
fundamental base for the environment, broader
measures are needed to capture the multiple
dimensions of soil and land quality.

Comprehensive Measures of Quality

Instead of focusing on the capability to support
specific activities, such as crop production, or a single
soil degradation process, such as erosion or chemical
leachng, researchers are focusing on how a broad
range of physical, chemical, and biological properties
determine soil quality. Physical properties include
soil tilth, and wind and water erosion; chemical
properties include pH, total plant nutrients, and
salinity; and biological properties include microbial
and natural processes of respiration, mineralization,
and denitrification. How do human activities, such as
farming, affect the soil and its ability to function in

the long run? Eventually, economic analysis could
provide estimates of the on- and off-farm costs of soil
degradation and the cost of maintaining soil quality.

Most definitions of soil quality include both
environmental factors and measures of crop
productivity. For example, soil quality hasen
defined aghe ability of a soil to produce safe and
nutritious crops in a sustained manner over the
long—term and to enhance human and animal health
without impairing the natural resources base or
harming the environmer{Parr and others, 1992).
Similarly, soil quality can be defined as thastaining
capacity of a soil to accept, store, and recycle water,
minerals, and energy for production of crops at
optimum levels while preserving a healthy
environmenf{Arshad and Coen, 1992). A National
Academy of Sciences (NAS, 1993) report defines soil
guality asthe ability of a soil to perform its three
primary functions: to function as a primary input to
crop production; to partition and regulate water flow,
and to act as an environmental filtein addition, the
NAS report recommends thette concept of soll
quality should be the principle guiding the
recommendations for use of conservation practices
and the targeting of programs and resources
Currently, conservation compliance plans rely
primarily on one soil quality indicator—soil erosion
potential as measured by the El.
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organic matter, microbial biomass, carbon and
nitrogen content, soil structureater infiltration, and
crop yield. Because of the correlation across these
properties, a few key attributes can be selected as soil
quality indicators (Olson, 1992; Hornsby and Brown,
1992; Alexander and McLaughlin, 1992; and Arshad
and Coen, 1992). Parr and others (1992) suggest a
soil quality index that includes such factors as soll
properties, productivity potential, environmental
factors, health (human/animal), erodibility, biological
diversity, food quality/safety, and management inputs.
Many of these factors, such as food quality or
biological diversity, are complex indicators
themselves but may be important contributors to the
full breadth of soil quality. And while the
components of soil qualitgppear quite complex,

some soil properties can be estimated without
collecting detailed information of attributes. For
example, Larson and Stewart (1992) use crop residue
data and a simple regression model to estimate
changes in soil organic matter for several U.S. soils.

Soil quality is a function of many factors, including
agroclimatic factors, hydrogeology, and
cropping/production practices. Soil quality can be
degraded through three processes: (1) physical
degradation such as wind and water erosion and
compaction; (2) chemical degradation such as
salinization and acidification; and (3) biological
degradation, which includes declines in organic
matter, carbon from biomass, and the activity and
diversity of soil fauna (NAS, 1993).

Physical Degradation. Erosion has long been
considered the major agent of soil degradation
worldwide (NAS, 1993). Erosion has been shown to
reduce onfarm soil productivity and contribute to
water quality problems as eroded soésrg
agrichemicals and byproducts or residuals into
waterways. Another form of soil degradation is
compaction, typically caused by heavy machinery and
cattle trampling. Soils with low organic matter are
particularly vulnerable. Compaction can make tillage
costly, impede emergence of seedlings, and decrease
water infiltration, causing higher runoff of rainwater
and increasing water erosion (WRI, 1992). Eradat
and Voorhees (1990) show that the value of yield
losses from compaction in Minnesota, Wisconsin,
lowa, lllinois, Indiana, and Ohio could be as high as
$100 million annually.
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Chemical Degradation While salinity problems are
often associated with irrigation, salinity problems can
also occur in drylandreas where rainfall is

insufficient to leach salts from the soil. More than 48
million acres of cropland and pastureland arecéd

by varying degrees of salip (USDA, 1989a).

Irrigated areas are particularly subject to salinization
because irrigation water contaidissolved salts,

which become more concentrated in the soil as water
is consumed by crops or lost by evaporation (USDA,

1989a). Crops such as corn, soybeans, rice, and som

fruits and vegetablesre quite sensitive to

salinity—an increase in salinity can lead to a
significant yield reduction. Acidification, another
chemical degradation process, can occur when bases

(such as calcium, magnesium, potassium, and sodium)

are leached from the soil. Aluminum toxicity is also
often a problem in acid soils. Acidity may be
reduced by the application of basic material, such as
limestone. Acidic soil conditions can limit plant
growth by supplying insufficient calcium or
magnesium, altering the decomposition rates of
organic matter, and reducing the amount of nitrogen
fixed by legumes (NAS, 1993).

Biological Degradation According to the NAS

(1993), biological degradation pgerhaps the most
serious form of soil degradation because it affects the
life of the soil and because organic matter
significantly affects the physical and chemical
properties of soils Currently, little is known about

how agricultural activities change a soil’s biological
properties, and the potential cost to the food and fiber
system.

It has been estimated that the number of bacterial
species in a gram of soil may exceed 10,000 (Torsvik

and others, 1990). Probably less than 1 percent of all

bacterial species are presently known and there may
be up to 1 million different species on earth (ASM,
1994). Biological degradation is important because if
the soil food web is disrupted, the soil may not be
able to cycle nutrients and transform harmful
chemicals or substances to nontoxic waste or to
combat plant pests and diseases (Mausbach, 1997).

The microbial community is continually adapting to
the environment, and can function as indicators of

changes in soil quality. Changes probably occur more

rapidly in the microbial community than in other soil
characteristics. Methods to assess soil microbial
status need to be explored as indicators to further
define and measure soil quality (Kennedy and
Papendick, 1992).
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Land Quality and Resource Policy

The Natural Resources Conservation Service has
recognized the importance of soil quality and has
established the Soil Quality Institute to acquire and
develop soil quality technology. In addition, many
Federal programs address specific soil quality factors
such as wind and water erosion and nutriess(see
chapter 6). USDA programs are directed at
conductingresearch on the relationship between
arming practices and soil quality, developing new
echnologies and practices that conserve and protect
soil resources, providing technical and financial
assistance to adopt soil conserving practices, and
protecting farmland through land retirement and
conservation easements.

Authors: Marlow Vesterby, (202) 219-0422
[vesterby@ecomag.gv], Robbin Shoemaker, (202)
219-0936, Ralph Heimlich, and Margot Anderson.
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Recent ERS Reports on Land-Use Issues

Industrial Uses of Agricultural Materials, Situation and Outlook RepoitJS-6, Aug. 1996 (Lewrene Glaser, Co-

ordinator). Research and market demand open new opportunities for agriculturally based industrial materials.
Industrial uses of corn are expected to total 622 million bushels in 1995/96 (Sept./Aug.), down 18 percent fron
the previous year due to a lower use for ethanol. A special article examines possible biodiesel demand in thrge
niche fuel markets that might be commercialized—Federal fleets, mining, and marine/estuary areas.

Agricultural Adaptation to Climate ChangeAER-740, June 1996 (David Schimmelpfennig, Jan Lewandrowski,
John Reilly, Marinos Tsigas, and lan Parry). This report, which highlights ERS research on the effects of climgate
change on agriculture, focuses on economic adaptation and concludes there is considerably more sectoral flexibil-
ity and adaptability than found in other analyses. The report frames the discussion of economic adjustments
within the context of global agricultural environmental sustainability.

Major Land Uses Data Product Stock #890003, Feb. 1996 (Kenneth Krupa and Arthur Daugherty). This elec-
tronic data product contains 3 ASCII files containing explanatory and reference material and 16 Lotus 1-2-3
(\WK1) spreadsheet files containing State, regional, and national estimates for separate land uses for census gf agri-
culture years 1945 through 1992. This product updates one with the same title and stock number prepared in
1990 covering the 1945-87 period.

Major Uses of Land in the United States, 1992ER-723, Sept. 1995 (Arthur Daugherty). This report catego-

rizes the Nation’s nearly 2.3 billion acres of land area into major uses by State and farm production region, wit
national totals for 1992. Similar geographic detail provided for a number of subcategories of cropland, grassland
pasture and range, forest-use land, and special land uses.

=y

1995 Cropland UseAREI Update, 1995, No. 12 (Arthur Daugherty). This annual update of cropland use and

Federal commodity program participation indicates that cropland use was down, crop failure and program-idleg
cropland up in 1995 from 1994. Nearly 3.7 million base acres of the 7 major program crops were “flexed” to npn-
program crops, of which 2.8 million acres were soybeans.

World Agriculture and Climate Change, Economic Adaptatig?8ER-703, June 1995 (Roy Darwin, Marinos Tsi-

gas, Jan Lewandrowski, and Anton Ranses). Analysis of four popular climate change scenarios suggests that
farmer adaptation and international trade will allow world agriculture to respond to global climate change withopt
imperiling world food production. Regionally, agricultural production possibilities expand in arctic and mountain-
ous areas and contract in tropical and some other areas. In the United States, soil moisture losses may reduge
agricultural production possibilities in the Southeast and the Corn Belt.

Urbanization of Rural Land in the United StateAER-673, March 1994 (Marlow Vesterby, Ralph Heimlich,
and Kenneth Krupa). Land conversion to urban use has remained constant at about a half acre per househo|d in
fast-growth counties since 1960. Urbanization of farmland poses no threat to U.S. food and fiber production in
the near future.

Agricultural and Water-Quality Conflicts: Economic Dimensions of the Proble&B-676, July 1993 (Steve
Crutchfield, LeRoy Hansen, and Marc Ribaudo). Off-farm effects of farm production practices impose costs or] so-
ciety, including damage to fish and wildlife resources, costs of avoiding potential health hazards and protecting
natural ecosystems, and lost recreational opportunities. Policies that stress economic and technical assistance can
encourage adoption of pollution-reducing farm practices.

(Contact to obtain reports: Arthur Daugherty, (202) 219-0424 [arthurd@econ.ag.gov])
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Glossary of Land Use Categories

Cropland—Total cropland includes five components: cropland harvested, crop failure, cultivated summer fallow, drop-

land used only for pasture, and idle cropla@topland harvestedncludes row crops and closely sown crops; hay and
silage crops; tree fruits, small fruits, berries, and tree nuts; vegetables and melons; and miscellaneous other ming
Farmers double-cropped nearly 4 percent of this acre@gep failure consists mainly of the acreage on which crops

I crops.

failed because of weather, insects, and diseases, but includes some land not harvested due to lack of labor, low [market
prices, or other factors. The acreage planted to cover and soil-improvement crops not intended for harvest is exgluded

from crop failure and is considered idle. In recent years, crops have failed on 2-3 percent of acreage planted for

Cultivated summer fallowrefers to cropland in subhumid regions of the West cultivated for one or more seasons t¢
trol weeds and accumulate moisture before small grains are planted. This practice is optional in some areas, bu

harvest.

con-

itis

necessary for crop production in the drier cropland areas of the West. Other types of fallow, such as cropland planted

to soil-improvement crops but not harvested and cropland left idle all year, are not included in cultivated summer
but are included as idle croplan@ropland used only for pasturgenerally is considered to be in long-term crop rota

fallow

tion. However, some land classed as cropland pasture is marginal for crop uses and may remain in pasture inddfinitely.
This category also includes land that was used for pasture before crops reach maturity and some land used for gasture

that could have been cropped without additional improvement. Cropland pasture and permanent grassland pasty
not always been clearly distinguished in agricultural surveys.

re have

Land idledunder annual Federal crop programs could have been pastured except during a consecutive 5-month period
between April 1 and October 31 designated by the State Agricultural Stabilization and Conservation Committee. |If such
acreage conservation reserve or conservation use acres were pastured at any time during the year, the Census fequested
that they be reported as cropland pasture. Land in the CRP could not be pastured. Idle cropland includes land |n cover

and soil-improvement crops and cropland on which no crops were planted. Some croplareh@higiear for various

physical and economic reasons. Acreages diverted from crops to soil-conserving uses (if not eligible for and used as

cropland pasture) under Federal farm programs are included in this component.

Cropland used for crops—Three of the cropland acreage components—cropland harvested, crop failure, and culti
summer fallow—are collectively termed cropland used for crops, or the land input to crop production.

Grassland pasture and range—Grassland pasture and range comprise all open land used primarily for pasture andgl
ing, including shrub and brushland types of pasture, grazing land with sagebrush and scattered mesquite, and al

ated

graz-

tame

and native grasses, legumes, and other forage used for pasture or grazing. Because of the diversity in vegetative compo-

sition, grassland pasture and range are not always clearly distinguishable from other types of pasture and range.

At one

extreme, permanent grassland may merge with cropland pasture, or grassland may often be found in transitional|areas

with forested grazing land. This category does not include any land currently in the CRP.
Forest land grazed—Forested pasture and range consist mainly of forest, brushgrown pasture, arid woodlands, al

d

other areas within forested areas that have grass or other forage growth. The total acreage of forested grazing land in-
cludes woodland pasture in farms plus rough estimates of forested grazing land not in farms. For many States, the

estimates include significant areas grazed only lightly or sporadically.

Forest land—As defined by the Forest Service, forest land is "land at least 10% stocked by trees of any size, including
land that formerly had such tree cover and that will be naturally or artificially regenerated. Forest land includes tfansi-
tion zones, such as areas between heavily forested and nonforested lands that are at least 10% stocked with forgest trees
and forest areas adjacent to urban and built up lands. Also included are pinyon-juniper and chaparral areas in the West

and afforested areas" (Powell and others, 1993, p. 117).

Forest-use land—A modified total used in this inventory of 648 million acres of forest land that excludes an estimgted
89 million acres in parks, wildlife areas, and similar special-purpose uses. To eliminate all overlap with other usgs is
not feasible, but this reduced area is a more realistic approximation of the land that may be expected to serve ngrmal for-

est uses as opposed to having forest cover. Forest-use land includes forested grazing land in this report.

Special-use areas-Special uses in this report include urban areas; highway, road, and railroad rights-of-way and #ir-

ports; Federal and State parks, wilderness areas, and wildlife refuges; national defense and industrial areas; and
miscellaneous farmland uses.

Miscellaneous other land—Includes miscellaneous special uses such as industrial and commercial sites in rural areas,

cemeteries, golf courses, mining areas, quarries, marshes, swamps, sand dunes, bare rocks, deserts, tundra, ang
classified land.
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Table 1.1.14—Cropland idled by Federal program and commodity, 1978-95 !

ltem 1978 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95

Million acres
Acreage Conservation Reserve:

Corn 32 17 21 44 39 54 104 147 144 63 6.1 47 31 66 00 47
Sorghum 1.1 0.9 07 08 06 09 21 24 22 11 10 08 05 06 00 0.0
Barley 06 03 04 05 05 07 16 22 19 08 07 07 04 00 00 0.
Oats 0.0 0.0 01 01 01 01 03 05 * 01 * 00 00 00 00 00
Feed grains2 49 29 33 59 51 72 45 198 186 82 79 6.2 41 72 00 47
Wheat 83 74 58 88 104 119 158 20.2 192 61 22 101 33 00 00 0.0
Cotton 0.0 0.0 16 25 25 23 33 32 15 31 15 06 13 10 15 0.0
Rice 0.0 0.0 04 06 08 07 13 13 09 09 07 02 00 02 00 0.2
Total? 13.1 103 11.1 17.8 18.7 22.1 34.8 445 403 184 123 171 86 84 15 4.9
0,50/85-92 Programs: °
Corn 06 14 29 45 46 27 22 43 24 3.0
Sorghum 04 05 11 22 23 17 15 17 16 17
Barley 02 03 06 15 22 15 19 25 27 29
Oats 01 01 02 03 02 06 07 08 06 08
Feed grains2 1.3 23 48 85 93 65 63 93 7.2 84
Wheat 13 37 32 35 53 58 40 57 02 61
Cotton 08 07 06 04 05 06 04 04 02 02
Rice 02 02 01 02 03 07 04 05 03 03
Total? 35 7.0 88 126 153 13.6 11.2 159 129 15.0
Long-term programs: 4
Corn 02 23 28 34 38 39 41 43 43 43
Sorghum 02 12 19 22 24 24 24 25 25 25
Barley 01 11 19 24 27 28 28 28 28 28
Oats 01 05 09 11 13 13 14 14 14 14
Feed grains2 06 51 74 90 102 103 10.6 11.0 11.0 11.0
Wheat 06 42 7.1 88 103 104 10.6 10.8 10.8 10.8
Cotton 01 07 10 12 13 13 14 14 141 14
R'Ce * * * * * * * * * *
Non-base acres 0.7 57 89 109 121 124 128 13.2 13.2 132
Total? 1.9 157 244 299 33.8 344 354 364 364 36.4
Paid Land Diversion:
Corn 29 12 59 00 00 18 7.0 32
Sorghum 03 03 1.3 00 00 04 12 06
Barley 0.2 0.0 06 00 00 02 04 03
Oats 0.0 0.0 02 00 00 01 02 00
Feed grains2 34 15 80 00 00 24 188 41
Wheat 0.0 0.0 35 57 69 39 00 00
Cotton 03 0.0 * 00 13 00 00 00
Rice 0.0 0.0 02 00 06 00 00 00
Total? 37 15 117 57 88 64 88 41
Payment-In-Kind:
Corn 219 0.0
Sorghum 3.6 0.0
Barley 0.0 0.0
Oats 0.0 0.0
Feed grains? 252 0.0
Wheat 17.7 3.6
Cotton 42 0.0
Rice 1.1 0.0
Total? 486 3.6
See footnotes at end of table.
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Table 1.1.14—Cropland idled by Federal program and commodity, 1978-95, continued

ltem 1978 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95
Million acres
All programs: 2
Corn 6.1 29 21 322 39 54 129 255 233 141 145 11.3 93 152 6.6 120
Sorghum 14 12 07 57 06 09 31 53 58 54 57 48 45 47 41 4.2
Barley 08 03 04 11 05 07 22 41 47 47 56 49 52 53 55 57
Oats 01 03 01 01 06 13 11 14 15 19 20 22 20 22
Feed grains2 83 44 00 00 33 394 51 7.2 188 36.1 349 256 273 229 21.0 275 182 241
Wheat 83 74 58 30.0 19.6 188 21.6 281 29.6 184 178 26.3 179 16.5 16.0 16.9
Cotton 0.3 16 68 25 36 41 45 32 47 33 26 31 28 31 16
Rice o4 18 08 13 15 16 11 12 10 09 04 07 03 05
Non-base acres 00 00 00 00 07 57 89 109 121 124
Total 2 168 11.8 00 0.0 111 780 280 309 46.6 76.0 77.7 608 615 651 552 60.7 508 56.3
Cropland used 369 378 382 387 383 333 373 372 357 331 327 341 341 337 337 330 339 333
for crops
* = Less than 50,000 acres
L A blank cell indicates program was not in effect that year for that crop.
2 Distributions may not add to totals due to rounding.
% Includes cropland participating in the 0,50/85-92 programs but planted to allowed minor oilseeds or industrial/other crops.
4 Data represent the Conservation Reserve Program (CRP) from 1986-94. There was no long-term retirement program between 1977 and 1986.
Source: USDA, ERS, compiled from unpublished materials provided by the Farm Service Agency.
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1.4 Farm Real Estate Values, Rents, and Taxes

Farm real estate values and cash rents are important
indicators of the financial condition of the farm sector. Farm
real estate values are influenced by net returns from
agricultural production, capital investment in farm structures,
interest rates, government commodity programs, and
nonfarm demands for farmland. Values have been on the
rise since 1987. By early 1995, the average value of U.S.
farm real estate exceeded the previous high set in 1982
before values began to decline. Average value continued to
increase through 1995. Cash rents also generally increased

during 1995 and 1996.

Contents

e Farm Real Estate Values

e Cash Rents

e GrazingFees.........
e Agricultural Real Estate Taxes

e Factors Affecting Farm Real Estate Values.. . . .. ..

Values of farm real estate (faand and attached
buildings and dwellings) are important to

positions, creditworthiness, and borrowicegpacity of
those farm operators and landowners who hold large

landowners, prospective buyers, lenders, tax assessorgercentages of asts in the form of farmland.

agricultural producers, and local governments. Farm
real estate is the major asset on the farm sector
balance sheet (currently accounting for more than 75
percent oftotal U.S. farm assets), and its value
provides an indicator of the general economic health
of the agricultural sector. Farm real estate underlies
the financial stability of many farm businesses whose
portfolios derive a large proportion of their value
from real estate. In addition to being the largest
single investment item in a typickrmer’s portfolio,
farm real estate is the principal source of collateral
for farm loans, enabling farm operators to finance the
purchase of additional farmland and equipment or to
finance current operating expenses. Some 52.5
percent of the total farm sector debt of $15%dvilat
the end of 1996 was real estate debt—either
mortgages for purchase of farmland or short- or
intermediate-term debt secured by farmland. Wide
swings in farm real estate values alter the equity
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Farm Real Estate Values

The rapid increase in farmland values during the
1970’s and early 1980’s was followed by a sharp
decline during 1982-87, then a slow upward trend
beginning in 1987 (fig. 1.4.1). Since 1987, average
farmland values in the Nation have rebounded 48.6
percent, from $599 pexcre to $890 in Janua®p96.

In real or inflation-adjusted terms (1982 dollars),
however, this amounts to only a 10.8-percent gain. It
was not until January 1, 1995, that therage

nominal value peacre sirpassed the record high of
$823 set in 1981. But even with continued increases
in 1995, the January 1996 average, on a real (or
inflation-adjusted) basis, was still 4@rcent below

the 1981 peak.

U.S. farm real estate values rose 7.0 percent during
1995 (table 1.4.1). This represents an
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Table 1.4.1—Average per-acre nominal value of farm real estate, by State, January 1, 1989-96 !

State 1989 1990 1991 1992 1993 1994 1995 1996 Change
1995-96

Dollars Percent

Northeast 1,825 1,848 1897 1,977 2,095 2,311 2,414 2,485 2.9
Maine 1,046 1,073 1,057 1,033 1,130 1,232 1,245 1,291 3.7
New Hampshire 2,253 2,269 2,194 2,103 2,256 2,459 2,486 2,578 3.7
Vermont 1,226 1,262 1,248 1,223 1,342 1,463 1,479 1,534 3.7
Massachusetts 3,988 4,227 4,301 4,340 4,898 5,339 5,398 5,597 3.7
Rhode Island 5,289 5,564 5,619 5,627 6,304 6,871 6,947 7,204 3.7
Connecticut 4,715 5,033 5,158 5,241 5,959 6,495 6,567 6,810 3.7
New York 1,045 1,014 1,095 1,139 1,237 1,383 1,380 1,333 -3.4
New Jersey 4,947 5,494 6,341 6,710 6,942 7,407 8,052 8,172 15
Pennsylvania 1,936 1,929 1,937 2,073 2,056 2,247 2,339 2,505 7.1
Delaware 2,037 2,214 2,181 2,042 2,246 2,511 2,689 2,907 8.1
Maryland 2,534 2,563 2,394 2,530 2,911 3,310 3,707 3,826 3.2
Lake States 820 843 909 920 956 986 1,048 1,126 75
Michigan 983 1,005 1,086 1,106 1,131 1,214 1,329 1,470 10.6
Wisconsin 845 801 849 865 925 968 1,065 1,175 10.3
Minnesota 747 810 881 884 910 914 936 976 4.2
Corn Belt 1,108 1,111 1,153 1,190 1,235 1,331 1,448 1,578 9.0
Ohio 1,298 1,273 1,323 1,396 1,456 1,593 1,800 1,989 10.5
Indiana 1,249 1,254 1,291 1,325 1,395 1,504 1,654 1,801 8.9
Illinois 1,391 1,405 1,459 1,536 1,548 1,694 1,863 2,064 10.8
lowa 1,095 1,090 1,139 1,153 1,212 1,281 1,349 1,442 6.9
Missouri 684 701 723 734 774 825 880 948 7.7
Northern Plains 387 401 403 400 401 432 458 478 4.5
North Dakota 317 321 337 318 335 353 373 383 25
South Dakota 273 291 293 286 273 286 302 319 55
Nebraska 511 524 517 517 514 562 596 632 6.0
Kansas 429 450 449 460 463 503 535 553 3.3
Appalachian 1,110 1,178 1,154 1,223 1,300 1,336 1,436 1,597 11.2
Virginia 1,397 1,665 1,490 1,643 1,636 1,690 1,771 1,925 8.7
West Virginia 731 664 704 843 849 869 910 965 6.0
North Carolina 1,364 1,355 1,382 1,455 1,573 1,609 1,749 1,970 12.6
Kentucky 910 978 958 988 1,077 1,136 1,250 1,377 10.2
Tennessee 1,037 1,067 1,095 1,130 1,245 1,250 1,336 1,526 14.2
Southeast 1,216 1,300 1,319 1,301 1,345 1,427 1,533 1,631 6.4
South Carolina 990 1,011 1,112 1,152 1,137 1,204 1,337 1,363 2.0
Georgia 1,030 1,079 1,095 1,025 1,131 1,154 1,256 1,358 8.1
Florida 1,880 2,070 2,110 2,033 2,037 2,165 2,219 2,306 3.9
Alabama 847 890 864 936 1,000 1,117 1,262 1,387 9.9
Delta States 809 806 834 820 866 912 972 1,009 3.8
Mississippi 717 736 766 754 777 836 886 917 35
Arkansas 801 796 841 815 880 927 983 989 0.6
Louisiana 959 925 920 926 972 1,000 1,082 1,176 8.7
Southern Plains 520 504 494 487 498 521 550 562 2.2
Oklahoma 518 491 477 482 496 517 547 547 0.0
Texas 521 507 498 488 499 522 550 566 2.9
Mountain 259 265 283 283 290 319 346 379 9.8
Montana 202 222 219 219 227 254 277 289 4.5
Idaho 593 658 654 680 682 774 836 905 8.3
Wyoming 144 153 159 145 159 180 192 206 7.3
Colorado 375 374 437 400 426 479 520 558 7.3
New Mexico 185 185 210 212 194 208 225 258 15.0
Arizona 276 267 291 311 316 325 347 399 15.0
Utah 426 398 417 445 491 537 606 697 15.0
Nevada 242 207 241 262 252 268 289 332 15.0
Pacific 1,175 1,259 1,362 1,410 1,453 1,510 1,549 1,675 8.2
Washington 777 821 864 880 892 1,025 1,065 1,117 4.9
Oregon 536 573 586 607 663 747 844 928 9.9
California 1,742 1,884 2,077 2,157 2,213 2,213 2,215 2,404 8.5
48 States 668 682 703 713 736 782 832 890 7.0

! value of farmland and buildings in nominal dollars

Source: USDA, ERS, based on Agricultual Land Value Survey, June Agricultural Survey; and 1992 Census of Agriculture
data.
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Figure 1.4.1--Average real and nominal
values of U. S. farm real estate, 1970-96
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inflation-adjusted increase of 4.4 percent (table 1.4.2).
All States recorded increases except New York and
Oklahoma. Several States in the Lake States, Corn
Belt, Appalachian, and Mountain regions recorded
double-digit increases in farm real estate values. The

largest regional increases occurred in the Applachian,
Mountain, and Corn Belt regions (11.2, 9.8, and 9
percent).

The 1995 increase was the strongest yearly gain since
1987. The 7.0-percent nominal increase during 1995
marked the 9th consecutive yearly increase since
1987. The largest State-by-State increases over the
1987-95 period occurred in several of the Northeast
States, where most States never experienced the sharp
declines in farm real estate value that characterized
most other States during the early- to mid-1980’s (fig.
1.4.2). Much of this increase can be attributed to
strong nonfarm demand for farmland associated with
population growth. Another set of relatively high
increases since 1987 occurred in the Corn Belt, the
region that also experienced the largest value declines
between 1981 and 1986. The relatively small
increase in Texas is largely a product of the

beginning and end points of the time period being
discussed. Texas farm real estate values continued to
increase ntil the mid-1980'’s, before declining and

then beginning a slow recovery later than most other
States. The counter-cyclical pattern is partially
attributable to changing conditions in the oil industry
during the 1980’s.

Figure 1.4.2--Percent change in farm real estate value per acre (hominal dollars), 1987-96 and 1995-96

** 6 New England States combined
Top number: January 1995 to January 1996
Bottom number: February 1987 to January 1996

Source: USDA, ERS.
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Table 1.4.2—Average per-acre real (inflation-adjusted) value of farm real estate, by State, Jan. 1, 1989-96

1

State 1989 1990 1991 1992 1993 1994 1995 1996 Change
1995-96

1982 dollars Percent

Northeast 1,473 1,430 1,408 1,410 1,454 1,563 1,596 1,603 0.6
Maine 844 830 783 736 784 833 823 833 1.1
New Hampshire 1,817 1,754 1,626 1,497 1,566 1,663 1,644 1,663 1.2
Vermont 989 976 925 871 931 989 978 990 1.2
Massachusetts 3,217 3,268 3,188 3,090 3,399 3,611 3,569 3,610 1.2
Rhode Island 4,266 4,302 4,165 4,007 4,375 4,648 4,593 4,647 1.2
Connecticut 3,803 3,891 3,823 3,732 4,135 4,393 4,342 4,393 1.2
New York 843 784 812 811 858 935 913 860 -5.8
New Jersey 3,990 4,247 4,700 4,778 4,818 5,010 5,324 5,271 -1.0
Pennsylvania 1,562 1,491 1,436 1,476 1,427 1,520 1,547 1,616 45
Delaware 1,643 1,712 1,617 1,454 1,559 1,698 1,778 1,875 55
Maryland 2,044 1,981 1,774 1,801 2,020 2,239 2,451 2,468 0.7
Lake States 662 652 674 655 663 667 693 726 4.8
Michigan 793 777 805 788 785 821 879 948 7.9
Wisconsin 682 619 629 616 642 655 704 758 7.6
Minnesota 603 626 653 629 632 618 619 630 1.7
Corn Belt 894 859 855 848 857 901 957 1,018 6.3
Ohio 1,047 984 981 994 1,010 1,077 1,190 1,283 7.8
Indiana 1,007 969 957 943 968 1,017 1,094 1,162 6.2
Illinois 1,122 1,086 1,081 1,094 1,074 1,145 1,232 1,331 8.1
lowa 883 843 844 821 841 867 892 930 4.3
Missouri 552 542 536 523 537 558 582 612 5.1
Northern Plains 312 310 299 285 278 292 303 308 1.8
North Dakota 256 248 250 226 232 239 247 247 0.1
South Dakota 220 225 217 204 189 194 200 206 2.9
Nebraska 412 405 383 368 357 380 394 408 35
Kansas 346 348 333 328 321 340 354 357 0.8
Appalachian 895 910 855 870 902 904 949 1,030 8.5
Virginia 1,127 1,287 1,104 1,170 1,135 1,143 1,171 1,242 6.0
West Virginia 590 513 522 600 589 588 602 622 34
North Carolina 1,100 1,048 1,024 1,036 1,092 1,088 1,157 1,271 9.9
Kentucky 734 756 710 703 747 769 826 888 7.5
Tennessee 836 825 812 805 864 845 884 984 11.4
Southeast 980 1,005 978 926 934 965 1,014 1,052 3.8
South Carolina 799 782 824 820 789 814 884 879 -0.5
Georgia 831 834 812 730 785 780 830 876 55
Florida 1,516 1,600 1,564 1,448 1,414 1,465 1,467 1,488 1.4
Alabama 683 688 640 666 694 756 834 895 7.2
Delta States 653 623 618 584 601 617 643 651 1.3
Mississippi 578 569 568 537 539 566 586 592 0.9
Arkansas 646 615 623 580 611 627 650 638 -1.9
Louisiana 774 715 682 659 675 677 716 759 6.0
Southern Plains 420 389 366 347 346 353 363 363 -0.2
Oklahoma 418 380 354 343 344 350 362 353 25
Texas 420 392 369 347 346 353 364 365 0.4
Mountain 209 205 210 202 201 216 229 244 6.9
Montana 163 172 162 156 158 172 183 186 1.8
Idaho 478 509 485 484 473 524 553 584 5.6
Wyoming 116 118 118 103 110 121 127 133 4.8
Colorado 302 289 324 285 296 324 344 360 4.7
New Mexico 149 143 156 151 135 141 149 166 11.9
Arizona 223 206 216 221 219 220 229 257 12.2
Utah 344 308 309 317 341 363 401 450 12.2
Nevada 195 160 179 187 175 181 191 214 12.1
Pacific 948 974 1,008 1,001 1,008 1,021 1,024 1,080 55
Washington 627 635 640 627 619 693 704 721 2.3
Oregon 432 443 434 432 460 505 558 599 7.3
California 1,405 1,457 1,540 1,536 1,536 1,497 1,465 1,551 5.9
48 States 539 528 521 507 511 529 550 574 4.4

! Nominal values as of Jan. 1 for farmland and buildings adjusted by the Gross Domestic Product implicit price deflator indexed to 1982 = 100.

Source: USDA, ERS, based on Agricultural Land Value Survey, June Agricultural Survey; and 1992 Census of Agriculture data.
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In 1996, California, Florida, and the Northeast States
continued to record the highest average guze

values for farm real estate. Farm real estate values in
the Northeast reflect continued pressure from
nonagricultural sources for conversion to residential
or other urban use. The relatively high values in
California and Florida are the consequence of both
urban pressures and the presence of intensive
agriculture for the production of high-valued crops.
Alternatively, the low average values in the Mountain
States can be attributed to large amounts of arid
rangeland and less productive cropland. Wyoming,
New Mexico, and Montana recorded the lowest
average per-acre values (table 1.4.1).

Variation among States in the 1995 rate of increase in
value can be attributed to several factors. For the
Mountain States, growing recreational use of rural
land and population pressures related to urbanization
appear to be the diig forces behind value gains.

The Mountain region experienced the largest
population growth of any region from 1990 to 1993
(8.2 percent) (U.S. Dept. Of Commerce, 1995) and
contained six of the ten fastest-growing States. The
increagng farmland values in the Corn Belt during
1995 can be attributed to increased net returns from
corn and soybeans, the major agricultural products of
the region, as well as continued improvements in
yields.

As of January 1, 1996, the total value of U.S. farm
real estate reach&860 billion, while theaverage
per-farm value (@l value divided by the number of
farms) was $417,761 (tables 1.4.3 and 1.4.4). By
State, the total value of farm real estate was greatest
for California, Texas, and lllinois, and lowest for
several of the New England States. State-level
averages ranged from $178,497 per farm in West
Virginia to $1,883,308 in Arizona. Variation among
States in the per-farm averageulesfrom differences
in per-acrevalues and differences in average size of
operation. West Virginia farms averaged 185 acres
per operabn, compared with 4,780 acres in Arizona.
These per-farm values are more appropriate as
indicators of the value of land resources associated
with typical farm operations than as indicators of the
equity or wealth of typical individual farm operators.
The land resource assets of most farm operations hav
multiple owners. Many operations lease significant
proportions of the land they operate, others are
organized as partnerships or corporations, and many
operations use owned land as loan collateral, thus
giving lenders an implicit interest in the land asset.
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Cash Rents

A substantial proportion of U.S. farmland is operated
under some form of lease, approximately 43 percent
in 1992, according to the 1992 Census of Agriculture.
The most common form of lease, the cash rental
agreement, is characterized by a fixed payment
negotiated before planting, whereas in share rental
agreements, payment to the landowner varies with the
amount of product harvested. Under cash rental
arrangements, the tenant bears all of the production
and market-price risk; share reng@tangements
implicitly divide production and market risks between
tenant and landlord.

The term “cash rent’efers to the aount of cash

paid by a tenant to a landowner for use of a farmland
parcel as an input in agricultural production. Cash
rents are generally considered a shortrun indicator of
the return to a landowner’s investment in the land,
though to tenants, cash rents represent a major
production expense. Because rents reflect the
income-earning capacity of the land, they vary widely
across the country. Cropland rents tend to be highest
in States and regions where higher-value crops are
grown. During 1996, the higheaterage rents were
reported for irrigated land in California at $210 per
acre (table 1.4.5). California produces large shares of
high-value specialty crops, vegetables, fruits, and
nuts. Cropland suitable for corn and soybean
production in the Midwest also commands high rents.
The highest rents for nonirrigated cropland in 1996
were reported in lllinois ($106 pec&) and lowa

($105 per acre).

Average cash rents for cropland were higher in most
States for the 1996 crop year than in 1995. This
pattern was roughly similar for both irrigated and
nonirrigated cropland. An upward pattern was
evident in most regions.

During 1996, average cash rents for pasture varied
from $40 per acre in Wisconsin to $5.40 per acre in
Texas, but for many States, survey data were
insufficient to make an estimate (table 1.4.6).
Average cash rents for pasture were almost uniformly
lower than in 1995 in the Northern Plains,
ppalachian, Southeast, Delta, and Southern Plains.
or the Corn Belt, Mountain, and Southeast regions,
some States reported higher cash rents compared with
1995.
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Table 1.4.3—Total value of farmland and buildings, by State, 1989-96

1

State 1989 1990 1991 1992 1993 1994 1995 1996
Million dollars
Northeast 45,461 45,598 46,551 47,978 50,248 54,511 55,983 57,240
Maine 1,517 1,556 1,501 1,467 1,582 1,675 1,681 1,730
New Hampshire 1,036 998 965 925 993 1,082 1,094 1,109
Vermont 1,778 1,817 1,785 1,749 1,919 2,048 2,026 2,070
Massachusetts 2,592 2,705 2,710 2,734 2,988 3,203 3,077 3,190
Rhode Island 386 389 371 355 397 433 438 454
Connecticut 2,075 2,114 2,166 2,149 2,384 2,533 2,495 2,588
New York 8,778 8,518 9,089 9,340 10,020 10,925 10,628 10,266
New Jersey 4,353 4,780 5,580 5,905 6,040 6,370 6,844 6,865
Pennsylvania 15,875 15,625 15,690 16,584 16,242 17,528 18,013 19,292
Delaware 1,243 1,328 1,309 1,205 1,280 1,431 1,533 1,643
Maryland 5,828 5,767 5,387 5,566 6,404 7,282 8,155 8,034
Lake States 47,898 49,252 53,016 53,256 54,946 56,487 60,130 64,399
Michigan 10,616 10,854 11,729 11,948 12,102 12,985 14,219 15,579
Wisconsin 14,872 14,098 14,858 14,965 15,818 16,367 18,004 19,741
Minnesota 22,410 24,300 26,430 26,343 27,027 27,135 27,907 29,079
Corn Belt 137,982 138,026 142,588 146,624 151,684 163,227 177,204 192,996
Ohio 20,379 19,859 20,507 21,359 22,131 24,212 27,359 30,033
Indiana 20,484 20,440 20,656 21,200 22,320 24,061 26,302 28,642
Illinois 39,644 39,902 41,290 43,315 43,499 47,588 52,346 58,000
lowa 36,683 36,515 38,157 38,510 40,360 42,532 44,786 47,876
Missouri 20,794 21,310 21,979 22,240 23,375 24,835 26,411 28,445
Northern Plains 69,550 72,127 72,423 71,827 71,941 77,456 81,994 85,567
North Dakota 12,839 13,001 13,615 12,847 13,534 14,278 15,041 15,417
South Dakota 12,094 12,891 12,951 12,641 12,067 12,658 13,306 14,038
Nebraska 24,068 24,680 24,351 24,351 24,209 26,485 28,074 29,695
Kansas 20,549 21,555 21,507 21,988 22,131 24,035 25,573 26,417
Appalachian 54,595 57,119 55,741 58,840 62,247 63,737 68,225 75,536
Virginia 12,573 14,819 13,112 14,294 14,070 14,534 15,232 16,557
West Virginia 2,705 2,457 2,605 3,119 3,141 3,217 3,368 3,570
North Carolina 13,640 13,144 13,267 13,823 14,786 14,965 16,092 18,120
Kentucky 12,922 13,790 13,508 13,931 15,186 16,021 17,498 19,283
Tennessee 12,755 12,911 13,250 13,673 15,065 15,000 16,035 18,006
Southeast 48,259 50,297 49,741 48,912 50,522 53,796 57,560 60,188
South Carolina 5,247 5,257 5,782 5,990 5,856 6,141 6,749 6,816
Georgia 12,978 13,488 13,250 12,403 13,685 13,959 15,076 16,025
Florida 21,056 22,563 22,155 21,347 20,981 22,303 22,860 23,752
Alabama 8,978 8,989 8,554 9,173 10,000 11,393 12,875 13,594
Delta 30,839 30,139 30,936 30,177 31,769 33,095 35,378 36,627
Mississippi 9,536 9,568 9,805 9,651 9,946 10,701 11,432 11,557
Arkansas 12,576 12,338 13,036 12,470 13,464 13,992 14,747 14,836
Louisiana 8,727 8,233 8,096 8,056 8,359 8,402 9,199 10,234
Southern Plains 85,866 83,127 80,979 79,828 81,734 84,969 89,578 90,503
Oklahoma 17,094 16,203 15,741 16,388 16,864 17,572 18,609 18,609
Texas 68,772 66,924 65,238 63,440 64,870 67,396 70,968 71,894
Mountain 63,075 64,372 68,463 68,259 69,791 76,501 82,908 90,773
Montana 12,241 13,431 13,206 13,140 13,575 15,165 16,529 17,273
Idaho 8,124 9,015 8,829 9,180 9,207 10,450 11,286 12,223
Wyoming 5,011 5,309 5,517 5,017 5,501 6,211 6,633 7,118
Colorado 12,563 12,379 14,334 13,120 13,973 15,658 17,020 18,150
New Mexico 8,233 8,233 9,303 9,370 8,575 9,184 9,883 11,287
Arizona 9,936 9,665 10,418 11,072 11,218 11,522 12,282 14,125
Utah 4,814 4,497 4,712 5,029 5,499 5,957 6,731 7,671
Nevada 2,154 1,842 2,145 2,332 2,243 2,355 2,543 2,925
Pacific 76,497 81,363 87,603 89,844 92,265 95,438 98,057 105,882
Washington 12,432 13,136 13,824 14,080 14,272 16,194 16,825 17,538
Oregon 9,541 10,199 10,431 10,623 11,603 13,076 14,776 16,239
California 54,525 58,027 63,349 65,141 66,390 66,169 66,456 72,105
48 States 660,022 671,419 688,042 695,545 717,147 759,217 807,017 859,711

1 value data as of Feb. 1, 1989, and Jan. 1 for 1990-96.
Source: USDA, ERS, based on Agricultural Land Value Survey, June Agricultural Survey; and 1992 Census of Agriculture data.
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Table 1.4.4—Average per-farm value of farmland and buildings, by State, 1989-96

1

State 1989 1990 1991 1992 1993 1994 1995 1996
Dollars
Northeast 307,024 314,162 321,043 331,340 354,360 390,480 405,088 415,086
Maine 207,767 216,090 211,400 200,940 216,712 220,409 221,195 233,834
New Hampshire 345,460 369,763 357,541 342,711 397,056 450,824 475,600 461,905
Vermont 269,348 279,582 278,850 273,264 299,853 330,305 337,675 345,057
Massachusetts 398,800 422,700 423,380 427,219 481,900 533,882 512,767 514,586
Rhode Island 501,425 526,324 529,791 506,430 567,360 618,422 625,225 648,358
Connecticut 518,650 542,015 555,477 537,203 627,263 666,624 656,676 680,973
New York 225,077 221,236 239,171 245,784 267,192 303,484 295,209 285,172
New Jersey 524,501 590,096 656,480 656,089 678,600 715,744 760,423 746,167
Pennsylvania 293,985 294,809 296,032 318,923 318,478 343,691 360,259 385,837
Delaware 414,190 458,069 451,241 446,215 512,088 572,514 613,163 657,015
Maryland 373,603 379,391 349,773 356,795 426,947 502,178 570,305 586,407
Lake States 211,940 220,859 239,893 240,977 252,047 261,516 272,081 294,059
Michigan 193,025 201,000 217,200 221,262 232,725 249,714 263,309 293,942
Wisconsin 183,605 176,220 188,070 189,424 200,222 207,180 225,049 249,884
Minnesota 249,000 273,034 300,341 299,355 310,655 319,237 320,772 334,244
Corn Belt 302,592 309,476 326,288 337,844 356,067 387,713 423,934 470,722
Ohio 239,748 239,263 256,331 273,831 291,200 322,820 369,717 417,123
Indiana 288,501 300,591 317,785 326,154 354,286 381,920 424,220 477,375
lllinois 460,971 480,747 503,533 534,756 550,618 618,022 679,824 763,156
lowa 349,357 351,106 370,451 373,885 395,682 421,109 447,862 488,535
Missouri 190,767 197,319 205,413 207,852 220,517 236,524 251,533 273,506
Northern Plains 357,581 370,834 375,250 376,058 384,713 416,430 438,470 461,278
North Dakota 383,239 388,075 412,570 389,309 416,431 446,199 470,020 497,311
South Dakota 345,540 368,323 370,017 361,177 349,757 372,290 403,219 431,940
Nebraska 422247 432,989 434,834 434,834 440,171 481,547 501,325 530,276
Kansas 297,813 312,391 311,697 328,179 340,483 369,765 387,469 400,255
Appalachian 172,223 185,152 185,187 195,480 208,185 215,326 231,270 256,925
Virginia 267,511 322,141 291,378 317,647 312,658 315,954 324,075 344,931
West Virginia 128,795 119,844 130,240 155,955 157,065 160,835 168,394 178,497
North Carolina 209,846 211,992 221,120 230,375 250,614 258,024 277,456 312,415
Kentucky 136,021 148,277 148,437 153,086 166,876 180,010 196,607 219,123
Tennessee 143,316 148,399 155,876 160,859 179,339 180,720 197,960 225,081
Southeast 298,819 312,402 317,831 314,548 325,947 351,607 376,209 402,593
South Carolina 205,765 210,288 236,016 244,506 243,981 266,992 306,795 317,038
Georgia 270,375 280,990 288,033 269,620 297,502 310,196 335,011 372,675
Florida 513,561 550,317 553,875 547,346 537,977 571,869 586,166 593,801
Alabama 191,026 191,255 185,948 199,409 217,391 247,683 273,926 302,095
Delta 250,721 253,265 266,692 267,052 281,140 298,156 315,878 321,293
Mississippi 232,588 239,200 245,120 247,467 255,015 274,397 272,195 262,662
Arkansas 261,994 262,511 283,380 277,100 299,200 318,006 342,965 345,022
Louisiana 256,674 257,266 269,867 277,800 288,248 300,056 340,694 379,048
Southern Plains 325,250 312,508 303,292 296,758 302,159 314,699 328,123 326,727
Oklahoma 244,200 231,471 224,871 230,817 239,206 251,033 262,099 258,459
Texas 354,495 341,449 331,157 320,404 324,350 336,982 351,329 350,704
Mountain 524,751 541,394 580,198 584,913 605,296 672,239 724,091 792,774
Montana 495,595 543,765 534,644 540,741 570,361 673,981 751,336 785,146
Idaho 367,606 413,514 412,570 437,143 449,122 509,753 524,927 555,576
Wyoming 563,056 596,528 613,033 545,326 597,978 675,117 721,025 782,162
Colorado 465,278 467,147 551,292 514,510 547,953 618,875 680,790 740,837
New Mexico 588,036 609,815 689,111 694,104 635,170 680,267 732,042 836,108
Arizona 1,242,000 1,239,154 1,370,763 1,476,213 1,515,946 1,557,026 1,659,790 1,883,308
Utah 370,292 340,712 354,293 380,947 423,015 458,228 502,341 572,487
Nevada 861,520 736,920 857,960 932,720 934,500 981,288 1,017,399 1,170,009
Pacific 481,116 513,329 557,983 574,082 605,013 623,780 634,676 676,560
Washington 327,158 355,027 373,622 380,541 396,444 449,821 467,364 487,162
Oregon 257,859 279,436 281,914 283,267 309,400 344,106 383,790 421,785
California 649,102 682,673 763,235 794,407 840,380 837,578 830,705 879,332
48 States 304,260 313,668 325,855 330,818 345,098 368,659 390,581 417,761

! value data as of Feb. 1, 1989, and Jan. 1, for 1990-96. Average per-farm value is estimated by dividing total value of farm real estate by the num-

ber of farms.

Source: USDA, ERS, based on Agricultural Land Value Survey, June Agricultural Survey; and 1992 Census of Agriculture data.
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Table 1.4.5—Cropland rented for cash: average gross cash rent per acre and rent as a percent of value,

selected States, 1992-96

Rent per acre

Rent to value®

State and land type2 ALVS® ALVS ALVS JAS* ALVS JAS ALVS ALVS ALVS JAS JAS JAS
1992 1993 1994 1994 1995 1996 1992 1993 1994 1994 1995 1996
Dollars Percent
Northeast:
New England5 na na na 31.50 35.20 30.70 na na na 7 7 1.0
New York 36.20 34.90 38.20 25.10 25.10 29.00 4.5 3.9 3.8 24 2.2 2.9
New Jersey 52.00 50.60 71.10 42.90 45.40 44.80 0.5 0.8 1.3 0.4 0.6 4
Pennsylvania 4240 4410 4190 37.70 38.80 38.50 1.8 2.0 1.5 14 15 1.3
Delaware 62.30 57.90 59.80 54.90 61.10 64.30 3.3 2.6 2.8 2.4 25 2.7
Maryland * 5540 60.80 41.40 4470 48.00 * 2.3 2.2 13 1.6 1.6
Lake States:
Michigan 47.40 45.60 49.00 48.00 49.70 52.20 6.2 5.7 5.5 4.8 4.9 43
Wisconsin 5140 5250 5120 48.70 46.20 48.50 7.3 6.9 6.8 5.6 4.9 4.6
Minnesota 62.30 64.20 6190 66.00 70.10 73.80 7.6 7.6 7.9 6.8 6.5 6.4
Corn Belt:
Ohio 70.20 6850 70.50 64.50 67.10 70.80 5.6 55 4.7 3.8 35 2.7
Indiana 8570 88.30 90.40 83.40 88.40 94.80 75 6.8 6.3 5.7 5.6 5.2
Ilinois 103.30 102.90 107.30 99.50 99.70 106.00 6.5 6.3 5.5 4.2 4.9 4.6
lowa 104.60 108.00 107.00 98.60 99.60 105.00 8.0 7.9 7.4 6.5 6.3 5.8
Missouri -All cropland 58.20 64.10 64.80 na na na 8.0 8.9 8.6 na na na
-Nonirrigated na na na 55.10 51.10 47.10 na na na 4.2 4.2 3.8
Northern Plains:
N. Dakota 29.10 3130 31.90 32.90 33.10 34.00 8.7 8.5 8.2 7.0 7.1 7.2
S. Dakota -All cropland 30.40 30.50 32.20 na na na 8.3 8.0 8.2 na na na
-Nonirrigated na na na 30.00 30.20 31.90 na na na 6.6 6.9 6.9
Nebraska -Nonirrigated 49.60 50.30 50.30 56.70 57.20 63.00 8.6 8.6 8.3 8.2 7.7 6.5
-Irrigated 102.80 102.20 106.80 108.40 111.10 112.00 9.5 9.3 9.3 8.5 8.4 75
Kansas -Nonirrigated 3190 32.80 34.70 32.60 3550 32.70 7.2 74 7.3 6.5 5.9 5.8
-Irrigated 62.70 65.10 72.50 * * 95 9.3 10.1 * * *
Appalachian:
Virginia 3440 33.80 37.40 35.80 35.70 37.70 21 24 24 2.2 1.9 2.0
West Virginia 30.40 30.10 36.90 31.00 30.00 32.00 34 35 4.3 2.7 2.3 21
North Carolina 3770 41.00 38.10 32.50 33.60 39.00 2.8 2.8 2.5 2.2 2.0 2.2
Kentucky 52.60 55.30 59.00 49.10 52.80 64.00 54 5.2 5.7 44 3.8 4.9
Tennessee 48.80 50.20 49.50 46.70 43.00 48.30 5.1 4.8 5.8 3.6 3.1 3.0
Southeast:
S. Carolina 2170 2250 23.40 23.90 23.50 23.80 25 2.8 2.6 2.6 25 25
Georgia -All cropland 29.70 30.50 32.00 na na na 3.5 3.2 3.5 na na na
-Nonirrigated na na na 28.70 3290 36.40 na na na 3.9 4.2 4.4
-Irrigated na na na 56.10 60.80 66.90 na na na 53 6.1 5.2
Florida -All cropland 101.50 95.70 73.10 na na na 3.0 3.5 1.9 na na na
-Nonirrigated na na na 20.80 22.50 30.00 na na na 2.0 2.8 2.8
-Irrigated na na na 136.30 183.50 na na na na 1.8 1.7 *
Alabama 28.10 30.70 36.50 31.60 36.20 42.20 4.1 4.3 4.8 2.8 34 4.0
Delta States:
Mississippi  -All cropland 40.80 39.60 44.00 na na na 6.7 6.4 6.7 na na na
-Nonirrigated na na na 44.30 41.60 45.00 na na na 5.7 55 5.4
-Irrigated na na na 59.90 70.00 73.70 na na na 6.6 7.3 7.9
Arkansas  -All cropland 48.00 50.10 50.70 na na na 7.3 7.2 6.3 na na na
-Nonirrigated na na na 46.90 48.40 48.80 na na na 6.5 6.8 5.6
-Irrigated na na na 68.10 58.70 * na na na 6.8 6.4 *
Louisiana -All land 48.30 46.80 48.30 na na na 6.1 5.6 6.0 na na na
-Nonirrigated na na na 47.90 55.30 55.60 na na na 5.9 5.7 5.7
-Irrigated na na na 78.90 77.60 65.30 na na na 8.9 8.2 6.9
Southern Plains:
Oklahoma -Nonirrigated 26.10 26.20 25.20 25.50 2510 25.60 5.6 5.5 5.1 45 4.0 4.7
-Irrigated 39.10 39.10 41.70 * * * 5.9 6.4 6.9 * * *
Texas -Nonirrigated 20.00 20.60 20.20 17.60 17.00 18.00 33 35 3.2 2.6 21 21
-Irrigated 4530 4940 4490 58.50 53.80 44.80 7.3 7.6 6.3 5.7 5.6 4.6
Continued--
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Table 1.4.5—Cropland rented for cash: average gross cash rent per acre and rent as a percent of value,

selected States, 1992-96—continued

Rent per acre

Rent to value®

State and land type2 ALVS® ALVS ALVS JAS* JAS JAS ALVS ALVS ALVS JAS JAS JAS
1992 1993 1994 1994 1995 1996 1992 1993 1994 1994 1995 1996
Dollars Percent
Mountain:
Montana -Nonirrigated 19.80 21.00 2410 15.20 15.30 19.0 8.3 7.8 8.4 5.1 51 5.3
-Irrigated 50.60 54.80 49.70 * * * 5.0 55 7.3 * * *
Idaho -Nonirrigated 33.90 3430 47.80 * * 4410 5.6 6.4 7.6 * * 6.5
-Irrigated 114.30 100.50 126.60 99.50 112.30 113.00 9.9 7.1 8.9 6.9 7.4 6.6
Wyoming  -Nonirrigated 9.60 1340 16.10 * * * 5.7 6.7 6.3 * * *
-Irrigated 49.40 54.00 51.20 * * * 8.7 8.2 7.7 * * *
Colorado  -Nonirrigated 20.40 2480 28.80 * * * 5.6 7.6 8.8 * * *
-Irrigated 72.70 76.20 75.50 * * * 7.2 7.1 7.8 * * *
New Mexico -Irrigated 87.70 80.40 88.90 77.70 88.00 * 2.6 25 1.8 4.2 4.6 *
Arizona -All land na na na 80.60 87.40 94.60 na na na 3.0 2.8 2.2
-Irrigated 128.10 136.70 150.10 na na na 3.8 3.6 3.0 na na na
Utah -Nonirrigated 30.50 26.30 28.20 * * * 3.8 33 3.6 * * *
-Irrigated 57.60 5290 5400 5140 5090 60.00 34 3.0 25 15 14 1.4
Nevada -Irrigated 92.70 89.10 81.70 * * * 4.8 6.2 3.2 * * *
Pacific:
Washington -Nonirrigated 49.80 5340 5590 69.50 70.80 * 55 54 6.7 4.1 4.6 *
-Irrigated 113.10 124.20 133.20 127.90 137.80 138.00 5.7 6.3 6.1 6.5 7.1 4.6
Oregon -Nonirrigated 5820 5550 6190 59.10 66.00 65.80 6.0 5.6 4.2 4.2 4.6 3.7
-Irrigated 106.70 124.70 135.90 125.50 130.00 115.00 6.1 7.8 7.4 5.2 5.8 4.9
California -Irrigated 179.60 191.50 223.00 176.00 189.60 210.00 34 3.6 4.4 4.4 4.6 3.6

* = |nsufficient information; na = data not available.
! cash rent as a percent of per acre value of rented cropland.

2 Unless otherwise specified as irrigated or nonirrigated, data are for all cropland.

SALVS is "Agricultural Land Values Survey."

4 JAS is "June Agricultural Survey."

5 Combines 6 States.

Source: USDA, ERS, based on ALVS and JAS data.

Grazing Fees

Grazing fees for use of pasture or rangeland are also a
form of cash rent, excefltat payment is based on

"grazing units" rather than tracts of land (acres). A  $/animal-unit month

Figure 1.4.3--Average grazing fees on private and
public lands, 1979-96

grazing unit is defined on an animal-unit-month 12

(AUM) basis, which is one cow (or an equivalent in 114
terms of other livestock types) for 1 month. Grazing 5|

fees on privately owned nonirrigated land in 16

Private land

selected States averaged $11.40 per AUM in 1996, a X

1.8-percent increase over 1995 (table 1.4.7). Fees 8

ranged from $18 per AUM in Nebraska to $6.50 in 7

Arizona. Private grazing fees have been relatively 6

stable over the last decade (fig. 1.4.3). 51

Grazing fees on public lands administered by the ‘ Bureau of Land Management and
Bureau of Land Management (BLM) of the 3 — USDA Forest Service Land
Department of the Intesi, and the Forest Service 2~ SN T T
(FS) of the Department of Agriculture are set by law. 1+————"————————————————
The fees vary annually according to a legislated lo7o 1082 1085 1988 1991 1994
formula, which attempts to set the fees according to Sources: USDA, ERS, based on NASS and USDI data.

changes in the cost of production. As a result of the
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Table 1.4.6—Pasture rented for cash: average gross cash rent per acre and rent as a percent of value,

selected States, 1992-96

Rent per acre

Rent to value®

State ALVS? ALVS ALVS JAS® JAS JAS ALVS ALVS ALVS JAS JAS JAS
1992 1993 1994 1994 1995 1996 1992 1993 1994 1994 1995 1996
Dollars Percent
Northeast:
New England4 na na na 20.60 20.90 * na na na 11 1.1 *
New York 19.90 17.00 17.60 14.70 14.50 14.50 4.2 2.2 2.8 2.3 2.7 2.2
New Jersey * 27.10 * * * * * 0.5 * * * *
Pennsylvania 21.80 2540 20.70 20.70 29.80 37.00 15 2.0 11 2.1 1.9 2.3
Maryland 3190 3150 3240 33.50 * * 21 2.5 1.3 1.4 * *
Lake States:
Michigan 19.60 21.50 22.10 * * * 4.2 4.2 35 * * *
Wisconsin 25.60 24.90 22.50 25,50 31.40 40.00 7.6 7.2 6.6 4.3 5.8 5.8
Minnesota 18.60 19.60 22.30 16.20 16.50 16.00 6.3 5.7 75 5.3 5.1 4.8
Corn Belt:
Ohio 26.50 25.60 25.50 * * * 4.3 3.4 33 * * *
Indiana 35.00 3590 32.90 * * * 6.1 5.7 45 * * *
lllinois 3490 31.80 3460 31.00 27.65 29.40 5.6 5.2 5.2 5.6 4.0 4.1
lowa 33.60 36.10 36.40 26.35 28.05 28.90 7.3 7.0 7.2 55 6.2 5.0
Missouri 23.70 22.60 24.70 18.50 16.40 20.00 5.4 4.7 5.1 2.6 2.7 2.8
Northern Plains:
North Dakota 9.20 9.10 9.70 8.30 8.00 8.50 7.1 6.8 6.7 5.9 4.9 6.3
South Dakota 8.20 7.80 8.90 9.70 8.50 9.10 7.4 6.3 6.8 6.0 55 6.5
Nebraska 11.80 11.30 11.10 10.20 9.20 10.00 7.4 6.9 5.9 6.1 5.4 5.8
Kansas 12.00 12.80 12.80 12.20 11.70 11.90 5.0 5.1 4.8 3.7 4.1 3.8
Appalachian:
Virginia 22.60 20.20 19.40 14.80 14.00° 13.80 2.2 1.9 1.7 1.2 1.18 0.7
West Virginia 14.70 16.70 17.60 17.00 14.00 * 1.9 1.9 3.3 3.0 2.2 *
North Carolina 21.30 23.20 23.00 16.90 17.00° 22.20 2.1 1.8 1.9 0.9 1.08 1.1
Kentucky 25.90 24.50 26.20 * * * 3.3 3.3 3.3 * * *
Tennessee 2350 25.80 31.90 15.20 14.30 13.50 2.9 3.3 4.4 0.8 0.7 0.8
Southeast:
South Carolina 15.30 16.40 18.80 * 16.11 * 2.2 1.8 2.2 * 1.7 *
Georgia 19.70 21.10 23.00 20.00 19.20 23.20 2.6 2.2 2.3 14 1.4 1.9
Florida 21.40 21.00 17.00 17.00 19.50 17.40 0.8 0.8 1.2 7 .8 0.6
Alabama 18.80 19.40 19.10 13.10 12.50 15.80 3.2 3.6 3.1 2.4 2.0 1.9
Delta States:
Mississippi 14.90 15.00 14.90 15.90 13.00 15.60 3.4 3.1 2.8 25 2.0 2.6
Arkansas 18.60 19.90 18.00 20.90 15.60 * 4.0 4.9 35 2.0 1.2 *
Louisiana 17.20 14.50 15.60 13.00 12.60 12.60 2.7 2.1 2.3 0.9 0.8 0.7
Southern Plains:
Oklahoma 10.20 9.40 9.60 9.40 9.20 8.00 3.4 3.0 3.1 3.2 3.1 3.3
Texas 6.90 7.00 7.30 5.00 4.80 5.40 1.8 1.6 1.5 1.2 1.4 1.1
Mountain:®
Montana 6.60 8.10 6.20 5.50 5.10 7.20 55 5.8 47 4.7 3.9 4.3
Idaho 26.50 19.10 23.10 28.20 29.30 * 6.1 6.3 5.7 49 45 *
Wyoming 3.60 4.20 5.80 3.10 3.50 * 3.6 3.8 3.9 25 2.9 *
Colorado 6.80 10.90 11.50 * * * 3.2 5.1 53 * * *
New Mexico na na na 1.60 1.80 * na na na 15 15 *
Utah 25,70  23.00 20.90 16.30 13.70 * 35 3.2 1.9 0.9 0.7 *
Pacific:
Washington 21.90 29.80 25.10 * * * 4.0 4.2 3.1 * * *
Oregon 22.60 2540 2150 * * * 4.0 6.0 6.8 * * *
California 37.90 34.20 4490 2690 39.30 * 2.2 1.8 1.6 1.6 25 *

na = data not available; * = insufficient |nformat|on

Survey JAS is June Agncultural Survey.
of previously published estimate.

4 Combines 6 States.

Source: USDA, ERS, based on Agricultural Land Value Survey and June Agricultural Survey data.
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S Insufficient data gathered to estimate rents for Arizona and Nevada.
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Table 1.4.7—Cattle grazing rates on privately owned nonirrigated land, 1982-96

State 1982 1987 1990 1991 1992 1993 1994 1995 1996
Dollars per animal-unit month*

Northern Plains:

North Dakota 8.34 741 8.52 8.93 10.04 10.00 9.75 10.30 10.60
South Dakota 11.09 8.61 12.53 12.74 12.44 12.60 13.20 13.90 13.20
Nebraska 13.80 10.29 15.78 14.83 14.83 17.00 17.50 17.60 18.00
Kansas 9.59 8.87 10.58 11.10 10.99 11.30 11.00 10.50 12.00
Southern Plains:
Oklahoma 6.29 5.68 4.31° 7.23 6.58° 7.10 6.20 7.00 7.00
Texas 8.06 8.30 7.61% 8.60° 8.92 8.75 8.75 9.10 8.00
Mountain:
Montana 8.90 7.94 9.61 10.58 11.86 11.40 11.80 11.90 11.80
Idaho 7.98 6.60 8.42 10.18 9.49 9.25 9.70 10.10 10.20
Wyoming 8.46 6.31 9.64 9.98 9.93 10.50 10.50 11.30 11.00
Colorado 9.04 8.27 10.20 9.30 10.11 9.70 10.20 10.30 11.40
New Mexico 6.26 5.82 6.66 3.02° 6.95 7.55 8.08 8.74 8.87
Arizona * 7.19 * * 5.53 572 572 5.75 6.50
Utah 9.29 5.98 7.79 9.64 9.79 8.90 9.00 9.50 9.75
Nevada 5.70 7.31 * 9.45 10.26 8.80 8.80 8.80 8.80
Pacific:
Washington 6.67 9.55 7.82 7.81 10.69 7.80 8.30 8.50 8.70
Oregon 7.70 591 8.28 8.93 9.28 9.75 9.00 10.20 10.00
California 9.23 8.46 9.81° 9.61 10.09 10.40 11.00 10.50 10.10
16-State average3 9.75 8.09 10.86 9.78 10.46 10.60 11.30 11.20 11.40

L Includes cow-calf rates converted to animal-unit month rates.

2 Coefficient of variation exceeds 15 percent.

3 All States except Texas.

* Insufficient number of reports for an accurate estimate of grazing rates.

Source: USDA, ERS, based on USDA, 1993b; and on USDA, NASS, Agricultural Prices.

formula, grazing fees on public land were lowered 16 $100 of full market value on U.S. agricultural real

percent in January996, reflecting lower market estate declined from $0.85 in 1993 to $0.75 in 1994
prices for livestock and increased production costs.  (fig. 1.4.4, table 1.4.8). Agricultural real estate taxes
The new fees, which tookfect March 1, wereset at include all ad-valorem taxes (meaning based on
$1.35 per AUM, 26 cents less than in 1995. (For value) after allowing fopreferential assessments and
more on grazing issues, see chapterllahd Use) any old age, homestead, or veterans’ exemptions

(excluded are levies based on benefits received, such
Agricultural Real Estate Taxes as irrigation and drainage improvements).

USDA's agricultural real estate tax estimates are used
as components in its prices-paid indexes for
commodities and services, interest, taxes, and farm
wages. Property taxes on farm real estate are a direct
cost to landowners, but when farmland is cash-rented
those taxes are passed on to tenants through rents
paid, and thus agricultural real estate taxes become a
significant cost of production faced by all farm
operators. Agricultural real estate taxes are a principal
source of funding for State and local governments.

Compared with 1993, taxes pacre in 1994 averaged
higher in 33 States, lower in 10, and unchanged in 6.
Taxes per $100 of full market value in 1994 were
higher in 4 States, lower in 39, and unchanged in 6.
' Taxes varied widely among the States, ranging in
1994 from 40 cents per acre in New Mexico to
$56.75 in Rhode Island. Taxes per $100 of full
market value ranged from 8 cents in Delaware to
$2.00 in Wisconsin. Total angker-acre taxes levied

in Michigan declined by 5percent, reflecting an
extensive restructuring of that State’s tax system. If,
instead, Michigan agricultural real estate taxes had
not changed (i.e., zero percent change), then U.S.
total and per-acre taxésvied would have shown
increases rather than decreases.

Taxes levied on U.S. agricultural real estate (land and
buildings) by State and local governments totaled
$4.9 billion in 1994 (the most recent year for which
data are available), 2 percdess than a year earlier
(table 1.4.8). The U.S. average tax per acre was
$5.86, down from $5.98 in 1993. The average tax per
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Table 1.4.8—Taxes levied on agricultural real estate, by State, 1992-94

Total taxes Average tax per acre Taxes per $100 of full market
value
State 1992 1993 1994 1992 1993 1994 1992 1993 1994
Million dollars Dollars Dollars

Alabama 10.9 111 114 1.32 1.32 1.32 0.16 0.15 0.14
Arizona 49.2 50.7 50.5 5.85 6.02 6.02 1.94 1.97 1.92
Arkansas 38.0 38.6 38.5 2.76 2.83 2.86 0.38 0.37 0.36
California 3141 338.7 344.4 12.87 13.93 14.21 0.73 0.81 0.83
Colorado 81.2 83.2 89.5 2.83 2.90 3.13 0.77 0.76 0.73
Connecticut 10.0 9.9 9.9 27.46 27.85 28.69 0.68 0.65 0.61
Delaware 1.2 1.2 1.2 2.17 2.24 2.17 0.10 0.09 0.08
Florida 143.8 140.7 130.8 14.75 14.71 13.68 0.72 0.71 0.62
Georgia 53.4 52.4 535 5.39 5.29 5.40 0.60 0.55 0.55
Hawaii 42.3 42.9 41.6 24.92 25.33 24.59 0.69 0.74 0.75
Idaho 40.4 39.8 39.7 3.64 3.58 3.58 0.53 0.52 0.46
lllinois 428.6 431.2 465.7 15.18 15.32 16.55 1.01 1.02 1.01
Indiana 131.0 138.6 142.8 8.23 8.71 8.97 0.63 0.64 0.61
lowa 350.2 358.9 350.6 11.13 11.44 11.21 0.95 0.92 0.85
Kansas 102.7 107.1 1115 2.22 2.32 241 0.46 0.47 0.45
Kentucky 41.6 43.6 44.0 3.04 3.19 3.22 0.31 0.29 0.28
Louisiana 194 18.2 17.8 2.61 2.48 2.48 0.29 0.26 0.26
Maine 135 13.7 13.9 10.37 10.77 11.31 1.11 1.09 1.05
Maryland 22.7 23.8 24.7 10.64 11.14 11.59 0.47 0.44 0.40
Massachusetts 15.3 14.7 14.9 26.31 26.87 27.68 0.77 0.73 0.69
Michiganl 3595 359.4 176.1 35.65 35.97 17.63 3.23 3.18 1.45
Minnesota 196.1 198.2 206.2 7.45 7.56 7.86 0.85 0.84 0.87
Mississippi 22.7 22.3 225 2.33 2.29 231 0.32 0.30 0.28
Missouri 75.9 78.4 79.7 2.63 2.73 2.78 0.38 0.38 0.37
Montana 80.5 86.1 714 1.66 1.78 1.48 0.66 0.66 0.49
Nebraska 352.8 398.0 426.0 8.06 9.10 9.74 1.42 1.57 1.53
Nevada 4.1 4.1 41 0.78 0.76 0.78 0.34 0.36 0.34
New Hampshire 8.3 9.2 9.6 21.18 23.80 24.99 1.04 1.09 1.05
New Jersey 35.0 36.0 36.6 40.83 42.40 43.67 0.86 0.93 0.90
New Mexico 125 12.5 12.2 0.41 0.41 0.40 0.17 0.18 0.17
New York 165.4 160.3 156.3 20.98 20.33 20.33 2.00 1.82 1.63
North Carolina 58.5 59.8 60.3 6.90 7.12 7.26 0.55 0.54 0.54
North Dakota 87.0 90.2 92.1 2.33 2.42 247 0.65 0.62 0.60
Ohio 155.9 167.0 1754 10.52 11.42 11.99 0.84 0.90 0.87
Oklahoma 63.6 64.6 65.1 2.04 2.07 2.09 0.41 0.41 0.39
Oregon 86.2 77.8 70.7 5.45 491 4.47 0.90 0.75 0.60
Pennsylvania 131.8 132.8 133.7 17.79 18.13 18.49 0.98 1.04 0.97
Rhode Island 2.9 3.0 2.9 54.38 58.51 56.75 1.18 1.20 1.06
South Carolina 195 19.8 20.2 4.23 4.33 4.42 0.45 0.50 0.48
South Dakota 1334 152.0 139.9 3.61 411 3.78 0.99 1.11 0.98
Tennessee 52.3 53.2 52.7 4.50 4.65 4.65 0.46 0.44 0.44
Texas 367.5 379.3 3914 2.93 3.02 3.14 0.63 0.64 0.64
Utah 11.7 12.1 12.6 1.66 1.74 1.83 0.39 0.38 0.36
Vermont 20.8 21.3 21.9 14.98 15.77 16.56 1.38 1.36 131
Virginia 59.0 61.7 63.5 7.15 7.57 7.80 0.52 0.58 0.58
Washington 72.3 74.2 77.0 5.63 5.78 6.07 0.71 0.74 0.68
West Virginia 4.6 45 5.0 1.37 1.34 1.49 0.19 0.19 0.21
Wisconsin 302.2 308.2 307.6 18.68 19.27 19.46 2.15 2.07 2.00
Wyoming 17.5 18.5 18.6 0.74 0.78 0.79 0.54 0.52 0.47
United States? 4,869.2 5,023.3 4,908.6 5.78 5.98 5.86 0.84 0.85 0.75

1 Change between 1993-94 reflects extensive restructuring of Michigan tax system.
2 Excludes Alaska.

Source: USDA, ERS, based on Agricultural Real Estate Tax Survey data.
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State variation in agricultural real estate tax rates is
partly due to (1) the degree to which States rely on
real estate taxes as a source of local revenue; (2) the
extent to which States provide tax relief, such as
use-value assessment, homestead and old-age
exemptions, and veterans'gberences; and (3)

taxpayer resistance to increasing real estate taxes. All
States have laws ongderenial (or dekrred) land-use
assessment of farmland (Aiken, 1990). These laws
provide that farmland devoted to farming be assessed
on the basis of its use as farmland and not according
to its market value. For example, farm or ranch land
in a developing urban area would be taxed as farm or
ranch land and not at the market value for which the
land might sell for, say, residential development.
These laws are designed not only to reduce

agricultural real estate taxes, but also to encourage the

protection of farms and ranches for such aesthetic

Figure 1.4.4--U.S. agricultural real estate taxes

Dollars
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full market value
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reasons as Open Space LaWS Vary from State to State Source: USDA, ERS, Agricultural Real Estate Tax Survey data.

with respect to minimunacreage requirements,
minimum number of years in farming, percentage of
gross annual income the landowner receives from the
land, and penalties for converting the land to a
nonfarm use.

Factors Affecting Farm Real Estate Values

Farm real estate values aféeated by many factors,
both agricultural and nonagricultural. The net returns
from agricultural use of farmland, for which cash

rents are often used as a measure, are a principal
determinant of farmland values. Farmland values are
also influenced by capital investment in farm
structures, nonfarm demand for farmland, interest
rates, government commodity programs, and a myriad
of lesser factors.

Building value currently accounts for about 22
percent oftotal U.S. farm real estate value, but the
percentage varies across the United States. For
instance, in Wisconsin, with substantial investment in
capital-intensive dairy facilities, buildings account for
42 percent of farm real estate value. In arid regions
of the West, buildings account for much less: in
Arizona, for instance, building value is pércent of
total real estate value. Building value as ecpetage
of farm real estate value also varies across time.
Canning (1992) showed farm structures constituting
as much as 31 percent (1940) afat U.S. farm real
estate value and as little asddrcent (1979). The
interaction of inflation and income tax rates appears
to be an important determinant of this relationship.

The potential to convert farmland to nonagricultural

uses can increase the price of farmland well above its
value in agricultural use. In heavily populated areas,
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especially, competing demands from nonagricultural
uses can far outweigh agricultural productivity as a
determinant of farmland value (Robison and Koenig,
1992). Some indication of the infince of
urbanization can be gained by examining the
rent-to-value ratios in table 1.4.5. In densely
populated States along the East Coast, rent-to-value
ratiosare relatively low, indicating that cash rents (a
measure of agricultural productivity) account for only
a small proportion of the market value of farm real
estate. In more rural States—the Plains, for
example—cash rents account for much larger
percentages of market value.

Interest rates, particularly real or inflation-adjusted
rates, have been identified as particularly important
determinants of U.S. farmland values during the post
1960’s period (Gertel, 1990). During much of the
mid- to late 1970’s, real (inflation-adjusted) interest
rates were actually negative, implying a strong
incentive to borrow money, with much of the
borrowed money used to purchase farmland.
Conversely, real interest rates dramatically increased
from 1981 to 1985 when nominal interest rates
increased ragiy just as expectations of future
inflation were dereagng. The resulting increase in
the real mortgage interest rate has been attributed as a
cause of the slide in farmland values in the early and
mid-1980’s (Gertel, 1988).

An array of government policies influence the income
derived from farmland, and hence its value.
Government commodity support programs are the
most obvious, but also important are farm credit
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programs, zoning regulations, habitat protection laws,

infrastructure development (such as roads and dams),

environmental regulations, and even property and
income tax policy. Research has shown that
commodity programs have increased farmland values
relative to what they would have been in the absence
of such programs (Featherstone and Baker, 1988;
Herriges, Barickman, and Shogren, 1992). As
government assumes a smaller role in the farm
economy, analysts expect commodity support
programs to be less important in the determination of
farmland values. (See chapters 1.4nd Use and
1.2,Land Tenurefor discussion of land use and
property rights issueaffecting landvalues.)

The 1996 Farm Act, which phases out commodity
support payments over 7 years, has raised concern
that such changes will lower farmland values and,
hence, the net worth and creditworthiness of farm
businesses. Farm-dependent rural communities are
concerned that reductions in government commodity
support programs will adversely affect the finances of
local governments, whose operating revenues are
largely dependent on treel valoremproperty tax.
Reductions in farm returns, including government
payments, could also have the secondary effect of
reducing the incomes of some rural, nonfarm
businesses.

Studies conducted by ERS concluded that farmland
values could decline by as much as 15 percent if
commodity programs abruptly ended (Shoemaker,
Perry, and Beach, 1995). Because producers likely
have been expecting some reduction in support
programs for several years, farmland values in areas
heavily dependent on program payments may have

already ajlisted, as farmers incorporated expectations

of changing commodity programs and lower support
payments into their assessment of future net returns.
With time, producers can adjust capital and other

inputs and make other changes to production practices
that may mitigate any reduction in program payments.

Given that the reduction is being phased in slowly,
any remaining impact on farmland values should be
small and theeffect will probably be overshadowed
by recent increases grain prices.

A myriad of lesser factors contribute to spatial
variation in farmland values, including site-specific
characteristics ohdividual parcels. Among these are
access to major highways and proximity to
commodity and input markets. Nonfarm, but
income-generating, uses of farmland are possible on
some parcels, including éerecreabn and

fee-hunting. Also, farmland value may be enhanced

AREI / Land

by the attraction of farming as a lifestyle (farm
occupation), an aesthetic location, or homesite
potential. Inflation, interest rates, lending policies of
farm credit agencies and banks, and speculation have
also been identified as factors external to farmland
markets that affect farmland values.

Authors: David Westenbarger, (202) 219-0434
[dwest@econ.ag.gov] and Charles Barnard, (202)
219-0093. Contributor: John Jones.
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Surveys for Collecting Data on Agricultural Land Values, Rents, and Taxes

In 1994, questions on land values and cash rents were added to the June Agricultural Survey (JAS) to replace th
cultural Land Values Survey (ALVS) which had been used since 1984. The ALVS, as well as the Farmland Mar}
Survey, were discontinued after 1994 in order to reduce respondent burden and data collection costs. The JAS,
ducted by the National Agricultural Statistics Service (NASS), is a probability-based survey that divides the area
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United States into “segments” representative of national land uses. A representative sample of all land uses in the 48

contiguous States is obtained by selecting approximately 1 percent of all land in these States for inclusion in the

JAS.

Twenty percent of the segments are replaced each year. Within the selected segments, enumerators identify “tracts,”

which represent a particular farm operator’s acreage within the segment. Farm operators then provide per acre
of value and cash rents for the farmland in their tract. In 1995, 14,603 segments were sampled. Within these sd
enumerators identified 119,012 tracts, of which 50,294 were classified as agricultural. Cash rental acres were idq
in 17,565 tracts (35 percent of total agricultural tracts).

The JAS—uwith its area-frame design, probability basis, and personal interview format—is expectedaccuarately
portray average conditions @ach State’s farmland market than did Aé/S. There are several advantages to using
JAS. First, JAS uses a much larger sample: approximately 50,000 observations, or about three times as many a
ALVS. Second, the random selection of area-based segments, with 80 percent resurveyed each year, is expectq
hance the statistical reliability of USDA estimates of both farmland values and cash rents. Third, respondents es
the value or report the cash rent for land they operate within a specific land segment (usually about 1 square mil
area). Respondents to the ALVS, on the other hand, reported values and cash rents for a nonspecific “locality.”
nally, most responses to the ALVS were obtained through telephone contacts, while JAS respondents are visited

The 1-year overlap of the two surveys in 1994 allows a comparison of cash rent estimates. For most States, the
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two esti-

mates are similar; for a few States, noticeable differences exist. Several factors associated with the change of sfirvey

instrument may have contributed to the differences, but these can be bridged by comparing the cash rent indicat
successive years on each survey.

Data on agricultural real estate taxes are obtained from a national survey of approximately 4,200 taxing jurisdictid
Each provides tax and acreage information for a sample of 10 farm or ranch parcels in its jurisdiction for the curr
and preceding years. Respondents in jurisdictions with fewer than 10 parcels are requested to provide informati
all parcels in the jurisdiction. Taxes per $100 of market value are derived by dividing the average per-acre tax b
average per-acre value of farm real estate. This data series, by State and Nation, dates from 1890 for taxes pen
from 1909 for total taxes and taxes per $100 of full market value.
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Recent ERS Reports on Land Values, Rents, and Taxes

Agricultural Income and Finance, Situation and Outlook (Annual Lender Issy&IS-64, Feb. 1997 (Jerome
Stam, ed.). This report discusses the financial conditions of commercial agricultural lenders during 1996. Foc
on the four major institutional farm lenders: commercial banks, the Farm Credit System, the Farm Services
Agency, and life insurance companies. Financial institutions serving agriculture continued to experience imprg
conditions in 1996. In recent years, farm-debt-to-farm-income ratios have dropped and farm real estate value
creases have led to significantly improved equity positions for many farmers.

“Farm Real Estate Values Continue To Increase,’Agricultural Outlook Dec. 1996 (David Westenbarger and
Charles Barnard). Discusses changes in farmland values during 1995. U.S. farm real estate values as of Jan
1, 1996 averaged $890 per acre—a record high—marking the 9th consecutive annual increase since 1987.

Agricultural Land Values AREI Update, Dec. 1996, No. 15. (John Jones and David Westenbarger) This updat
reports ERS’s annual estimates of farm real estate val@adbrof 48 States. U.S. farm real estate values aver-
aged $890 per acre as of January 1, 1996—7.0 percent above a year earlier.

Agricultural Cash Rents AREI Update, June 1997, No. 2 (David Westenbarger, John Jones, and Charles Bar-

nard). This update reports ERS’s annual estimates of cash rents for selected States, 1991-95. Cash rents as
percentages of market value are also presented. For selected States, estimates are provided for cropland, irri
cropland, nonirrigated cropland, and pasture. Cash rents for cropland were generally higher in 1995 than in 1
while those for pasture were generally lower.

"Commodity Payments and Farmland Values," Agricultural Outlook June 1995 (Robin Shoemaker, Janet
Perry, and Doug Beach). Includes a general discussion of the influences that agricultural commodity program
ments exert upon farmland market values. Describes possible effects that the 1995 Farm Program legislation
might have on farmland values.

"New Method For Estimating Land Values," Agricultural Outlook April 1995 (Dave Westenbarger, Doug

Beach, and Chris Cadwallader). Discusses advantages to be gained fromMlAS&'sfJune Agricultural Survey
(JAS) as the survey instrument for obtaining information on farmland values and cash rents. Also describes th
statistical basis of JAS sample as it relates to collecting farmland value information.

(Contact to obtain reports: David Westenbarger, (202) 219-0434 [dwest@econ.ag.gov])
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WATER

2.1 Water Use and Pricing

Irrigated agriculture remains the dominant use of freshwater
in the United States, although irrigation’s share of total
consumptive use is declining. National irrigated cropland
area has expanded by a third since 1969, while field water
application rates have declined about one fourth, leaving
total irrigation water applied about the same in 1995 as in
1969. Nationally, variable irrigation water costs for ground
water and off-farm surface water are roughly equivalent,
averaging near $35 per acre. Neither reflects the full costs of
water; onfarm well and equipment costs can be substantial
for groundwater access, while infrastructure costs are often
subsidized for publicly developed, off-farm surface water.

Contents
e Irrigation Withdrawals. . ...................... 68
e Irrigation ConsumptiveUse. . .................. 70
e Irrigated LandinFarms. .. .......... ... ... ..., 71
e Irrigation Water Application Rates . . ............ 72
e Irrigation Water Pricesand Costs . .. ............ 73

he United States, as a whole, has adequate water An abundance of water in the aggregate belies

supplies. Annual renewable supplies in
surface-water bodies and groundwater aquifers total
roughly 1,500 million ace-feet per year (maf/yr).
(See "Glossary of Water Use Terms" for definitions.)
Of total renewable supplies, only one-quarter is
withdrawn for use in homes, farms, and industry, and
just 7 percent is consiptively used (Moody, 1993).
Renewable surfacend groundwater supplies account
for roughly 90 percent of total water use nationwide.
The remainder reflects depletion of stored ground
water (Foxworthy and Moody, 1986).

increasingly limited supplies in many areas, reflecting
uneven distribution of the Nation’s water resources.
In the arid West, consumptive use exceeds half of the
renewable water supplies under normal precipitation
conditions. In droughyears, water use often exceeds
renewable flow. While droughts exacerbate supply
scarcity, water needs continue to expand in the
aggregate and to shift among uses. Urban growth
greatly expanded municipal water demands in arid
areas of the Southwest and far West. At the same
time, demand for high-priority instream
(nonconsumptive) water flows foecreation, riparian
habitat, and other environmental purposes has
tightened competition for available water supplies in
all but the wettest years. While future water needs

I Consumptive uses considered here include those uses occurring fOr instream uses are difficult to quantify, the

after water is withdrawn from a river or aquifer. Other consump-
tive uses—riparian vegetation use and reservoir evaporation—re-
quire no water withdrawals and are not considered here. Instream
water use for hydroelectric production, transportation, recreation, or
aquatic and riparian habitat is also not included.
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potential demands on existing water supplies are large
and geographically diverse (see box, “Instream Water
Flows,” pp. 80-81).
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Figure 2.1.1--Water withdrawals and consumptive use, 1960-90

Million acre-feet/year
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Source: USDA, ERS, based on Solley, Pierce, and Perlman, 1993.

Increased water demand in water-deficit areas was
historically met by expanding availabhater

supplies. Dam construction, groundwater pumping,
and interbasin conveyance provided the water to meet
growing urban and agricultural needs. However,
future opportunities for large-scale expansion of
supplies are limited due to lack of suitable project
sites, reduced funding, and increased puimiccern
for environmental consequences. Consequently,
meeting future water demands will require some
reallocation of existing supplies. And since
agriculture is the largest water user, reallocation will
likely result in reduced supplies for agriculture.

Irrigated cropland is an important part of the U.S.
agricultural sector, contributing about gércent of

the total value of crops on just 15 percent of total
cropland harvested. In 1992, 279,000 farms irrigated
49.4 millionacres of crop andasture land. Irrigated
acreage dominated the production of several major
crops, including rice with 100 percent irrigated,
orchards (76 percén Irish potatoes (7percent), and
vegetables (6percem). Irrigated acreages are
substantial for several major field crops, including
corn for grain with 9.6 million acres, all hay (8.6
million), wheat (4.1 million), and cotton (3.7 million)
(USDC, 1994). Changes in agricultural water
availability may have significant impacts on irrigated
production and rural communities.
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Irrigation Withdrawals

Freshwater withdrawals—a measure of the quantity of
water diverted from surface- and groundwater
sources—totaled 380 million eefeet (maf) in 1990

(fig. 2.1.1). Major withdrawal categories include
irrigation (153 maf), thermoelectric (146 maf), public
and rural domestic supplies (52 maf), and other
industries (28 maf) (Solley, Pierce, and Perlman,
1993).

Irrigation withdrawals as a share of total fresksy
withdrawals declined from 4percent in 260 to 40
percent in 1996. Public and rural domestic water
withdrawals increased by atrst 90percent over the
same period, corresponding with a U.S. population
increase of 40 percent and a populasbift to arid
and warmer climates. Although thermoelectric
withdrawals declined through the 1980’s, the 1990
withdrawal was @it 77 percent greater thar9@o.

Most irrigation water withdrawals occur in the arid
Western States where irrigated production is
concentrated. Combined irrigation withdrawals in the
four largest withdrawal States—California, Idaho,
Colorado, and Montana—exceeded 75 maf, or nearly
half of total U.S. irrigation withdrawals in 1990 (fig.
2.1.2). The top 20 irrigation States accounted for 97

2 Irrigation withdrawal estimates by Solley, Pierce, and Perlman
are primarily for agricultural purposes (cropland and pasture), but ir-
rigation of recreational areas (parks and golf courses) is also in-
cluded. Withdrawal estimates are done every 5 years, but data from
1995 are not yet available.
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Table 2.1.1—lrrigation water withdrawals and consumptive use, 20 major irrigation States and total U.S.,
1990

Withdrawals® Consumptive usel
2 L S S
State Irrigation total Surface water-- Surface Ground water-- Irrigation total Irrigation’s
Bureau of water-- All suppliers share of State
Reclamation Private consumptive use

maf?3 Percent of irrigation water withdrawn® maf 3 Percent
California 31.3 20 42 38 21.8 93
Texas 9.5 5 30 66 8.0 79
Idaho 20.9 44 21 35 6.8 99
Colorado 13.0 8 70 22 5.6 94
Kansas 4.7 2 3 95 4.5 92
Nebraska 6.8 13 15 71 4.4 93
Arkansas 5.9 0 18 82 4.4 94
Arizona 5.9 36 25 39 4.0 82
Oregon 7.7 25 67 8 34 95
Washington 6.8 70 17 12 2.9 92
Wyoming 8.0 18 79 3 2.9 95
Florida 4.2 0 48 52 2.8 79
Montana 10.1 11 88 1 2.2 93
Utah 4.0 9 77 14 2.2 87
New Mexico 34 21 33 46 2.0 86
Nevada 3.2 9 60 31 1.6 86
Mississippi 2.1 0 7 93 15 74
Louisiana 0.8 0 36 64 0.7 39
Georgia 0.5 0 40 60 0.5 54
Oklahoma 0.7 6 12 82 0.4 58
All other States 3.9 6 45 49 3.0 25
United States 153.0 20 43 37 85.4 81

! withdrawal and consumptive use estimates are from the U.S. Geological Survey. They include freshwater irrigation on cropland, parks, golf
courses, and other recreational lands.

2 States are ranked based on total irrigation consumptive use.

3 maf represents 1 million acre-feet.

4 May not add to 100 due to rounding.

Source: USDA, ERS, based on Solley, Pierce, and Perlman, 1993.

percent of U.S. freshwater irrigah withdrawals share of total irrigation withdrawals wgseatest in

(table 2.1.1ff Most States rely on a combination of Washington, Idaho, Arizona and Oregon. The share
surface- and groundwater supplies for irrigation of irrigation withdrawals from surface-water sources
purposes. varies from year to year depending on precipitation,

surface runoff, and water stored in reservoirs.
Surface water accounted for 63 percent of total
irrigation withdrawals in 990, with ground water
supplying the remaining C:}iercent‘.1 Approximately
32 percent of surface-water deliveries—or 20 percent 3 Irrigation States in table 2.1.1 are ranked according to consump-
of total irrigation withdrawals—was provided by the tive use, and not irigation withdrawals.
U.S. Department of Inferior, Bureau of Reclamation -, Suscs sl 2oty ez on e v, un e,
.(BOR)' States Wlt.h th‘? largest tOtaI. BOR deliveries share of water supplied from surface sources is Iikelyptré))i/n{:reaise.
include Idaho, California, and Washington; BOR’s
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Figure 2.1.2--Fresh water withdrawals for irrigation, 1990
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Ground water is the primary water source for
irrigation in about half of the top 20 irrigation States
(table 2.1.1). Ground ater is pumped from wells
drilled into underground, water-bearing strata. Total
groundwater withdrawals were largest in the major
irrigation States of California, Texas, and Idaho.
Ground water as a share of irrigation withdrawals was
highest in Kansas, Mississippi, Arkansas, Oklahoma,
and Nebraska.

Groundwater overdrafting has been reported in many
areas of the Great Plains, Southwest, Pacific
Northwest, Mississippi Delta, and Southeast.
Overdrafting occurs when withdrawals for irrigation
and other uses exceed natural rates of aquifer
rechage, which results in loweredater levels and
reduced total water reserves. Consequences of
overdrafting are slight in anyear, but tend to be
permanent and cumulative. Major impacts are
increases in pumping costs and longrun adjustments
in aquifer composition that can lead to land
subsidence, saltwater intrusion along coastal areas,
and loss of aquifer capacity.
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Irrigation Consumptive Use

Consumptive use of freshwater—a measure of water
used, not just withdrawn—totaled about 105 maf from
all offstream uses in the United States in 1990 (fig.
2.1.1)f5 Irrigation, the dominant consumptive water
use, accounted for 85 maf or 81 percent of the U.S.
total. Consumptive use as a share of withdrawals was
56 percent for the irrigated sector, compared with 17
percent for pblic and rural supplies, ljgercent for
industries other than thermoelectric, austj3 pecent

for thermoelectric. Total irrigation consumptive use
depends on crop acreage and evapotranspiration rates,
with the latter dependent on climate, crop, yield, and
management practices.

Consumptive water use for irrigation increased by
about 60 percent between 1960 and 1980, reflecting
the rapid expansion in irrigated area. By 1990,
irrigation water use had declined from 1980 levels,
due largely to reduced water use per irrigated acre.
Reduced water consumption per irrigated acre in the
1980’s primarily reflects regional cropping pattern
shifts, including lower irrigation water needs in more

5 Water use estimates are prepared every 5 years, but data for
1995 are not available at this time.
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humid eastern States, and a reduction in irrigated
cropland in some of the highest water-using areas of
the Southwest.

Irrigation consumptive use in the 20 major irrigation
States accounted for ®rcent ofthe national total.
California has the greatest irrigation consumptive use,
followed by Texas, ldaho, and Colorado. Combined,
these four States accounted for nearly half of total
irrigation consumptive use in the United States. Of
the 20 major irrigation States, 5—Arkansas, Florida,
Mississippi, Louisiana, and Georgia—are in humid
areas where irrigation supplements usually adequate
precipitation.

Irrigation’s share of total consumptive water use fell
by roughly 4 percent over 1960-90. A 4-percent share
of the 1990 total water usepresents more than 3

maf, or 17 percent dadll nonirrigation water uses.

This suggests that growth in nonagricultural water
needs, particularly in areas with limited opportunities
to increase supply, may be met by relatively small
reductions in irrigation ater use at the national level.
However, small transfers from irrigation to other uses
in the aggregate may mean substantial adjustments in
some regional and local irrigated activity.

Nearly 20 million acres, or about 45 percent of total
irrigated acres, were irrigatedth surface water in
1994. All surface-water sources in 1990 accounted
for 63 percent of total irrigation withdrawals (table
2.1.1). In general, land irrigated from surface-water
sources had a higher average withdrawal rate per
irrigated acre than groundwater-irrigated lands due to
higher conveyance losses, more arid location, and
seasonality of rainfall. Greater withdrawals, however,
do not necessarily translate into greater consumptive

Figure 2.1.3--Irrigation trends, 1969-96
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Source: USDA, ERS.

and in the Southern Plains irrigated 3 million acres
less in 1995 than in 1981. In contrast, farmers in the
Northern Plains and eastern regions continue to
expand irrigation capacity, irrigating 3 nih acres
more in 1995 than in 1981.

The most reliable measure of irrigated farmland
continues to be the census of agriculture, taken twice
per decade. State summaries from the 1992 Census
of Agriculture (table 2.1.2), when contrasted with

1982, highlight the East/West fifences in recent
trends (USDC, 1994 and 1984). Irrigatada in all

but 4 States of the Northern Plains and East increased
over 1982, with 8 States experiencing a 50-percent or

use per acre. The difference between withdrawals andgreater increase in irrigated farmland. In the Pacific

consumptive use highlights the importance of losses,
runoff, and return flows. (For more on the

relationship among withdrawals, consumptive use, and
irrigation application efficiency, see chapter 4.6 on
Irrigation Water Management.)

Irrigated Land in Farms

While nationalarea of irrigated fartand is once

again near peak levels reached in 1981 (fig. 2.1.3),
varying regional trends reflect thfences in water
resource conditions. Western irrigaticgached its

peak with the agricultural export boom and high crop
prices of the 1970’s. The Southwest—the first region
to fully utilize available water resources—became the
first region to begin abandoning irrigated acreage in
the face of growing water demand for urban and
environmental uses. Farmers in 6 Southwest States
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Coast and Mountain regions, 9 out of 11 States
irrigated less farmland in 1992 than in 1982. The
result is arincreagng reliance on irrigation in the
East, and a redistribution of acres in the West (fig.
2.1.4). Dense concentrations of irrigation are located
in California’s Central Valley, along the Snake and
Columbia Rivers, and over the High Plains Aquifer
from Texas to Nebr&a. Significant concentrations
of irrigation also occur in humid areas—Florida,
Georda, and in the Mississippi Delta, primarily
Arkansas and Mississippi.

Changes in irrigatedceeage are paatly attributable
to regional weather patterns. The major western
drought of the late 1980’s affected surface-water
supplies across the region. In 6 southwestern States,
the drought combined with competing urban and
environmental demands to reduce irrigated area by a
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Table 2.1.2—Irrigated area by State and region,
1982 and 1992 Census of Agriculture

State/region 1982 1992 Change
1,000 acres Percent

Maine 6 10 76
New Hampshire 1 2 34
Vermont 1 2 69
Massachusetts 17 20 15
Rhode Island 2 3 34
Connecticut 7 6 -12
New York 52 47 -11
New Jersey 83 80 -3
Pennsylvania 18 23 27
Delaware 44 62 40
Maryland 39 57 48
Northeast 271 312 15
Michigan 286 368 29
Wisconsin 259 331 28
Minnesota 315 370 17
Lake States 861 1,070 24

Ohio 28 29 6
Indiana 132 241 83
lllinois 166 328 98
lowa 91 116 27
Missouri 403 709 76
Corn Belt 820 1,423 74

North Dakota 163 187 15
South Dakota 376 371 -1
Nebraska 6,039 6,312 5
Kansas 2,675 2,680 0
Northern Plains 9,254 9,550 3
Virginia 43 62 44
West Virginia 1 3 193
North Carolina 81 113 39
Kentucky 23 28 22
Tennessee 18 37 108
Appalachian 165 242 46

South Carolina 81 76 -7
Georgia 575 725 26
Florida 158 1,783 12
Alabama 66 82 24
Southeast 2,308 2,665 15
Mississippi 431 883 105
Arkansas 2,023 2,702 34
Louisiana 694 898 29
Delta 3,147 4,482 42
Oklahoma 492 512 4
Texas 5,576 4,912 -12
Southern Plains 6,068 5,425 -11
Montana 2,023 1,976 -2
Idaho 3,450 3,260 -6
Wyoming 1,565 1,465 -6
Colorado 3,201 3,170 -1
New Mexico 807 738 -9
Arizona 1,098 956 -13
Utah 1,082 1,143 6
Nevada 830 556 -33
Mountain 14,056 13,264 -6
Washington 1,638 1,641 0
Oregon 1,808 1,622 -10
California 8,461 7,571 -11
Pacific Coast 11,907 10,835 -9

48 States 48,856 49,268 1
Alaska 1 2 135
Hawaii 146 134 -8
U.S total 49,002 49,404 0.8

Source: USDA, ERS, based on USDC, 1994
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million acresbetween 1989 and 1993. About half of
this area has subsequently returned to irrigation.
Winter precipitation in 1993 and 1995 refilled
reservoirs, easing water supply constraints.
Additionally, changes in Federal farm programs
allowed planting of more program crop acreage. In
the East, unusually wet seasons reduced irrigated
acres in the Southern Plains, Delta, and Southeast
regions in 1992 and across the Northern Plains, Corn
Belt, and Lake States regions in 1993.

Based on assumptions of normal weather, over 53
million acres could be irrigated in 1996 (table 2.1.3).
This would represent an increase of 1.3ionilacres
over 1995, with most of this increase projected for
corn. The increase in 1996raage reflects, ipart,
changes in Federal commodity programs, which idled
irrigable area in the past.

In addition to regional shifts inceeage, there has

been a shift in the crop mix on irrigated cropland.
Sorghum area irrigatelshs declined significantly due

to improved dryland cultivars, limited water in

primary growing areas, and lower returns relative to
other irrigated crops. Irrigated areas of barley, oats,
silage, and sugarbeets have also declined. Reduced
acreage in these crops has been more than offset by
increases in irrigatedreas of corn, soybeans, alfalfa,
fruits, and vegetables. Cotton and rice irrigated areas,
while still below record levels of the 1970's, have also
increased in recent years.

Irrigation Water Application Rates

Total depth of water applied through the irrigation
season has averaged near 20 inches for the past 5
years (table 2.4). Since 1969, the nationaleaage
application rate has declined by about 6 inches, or 25
percent, which is enmh to offset the increase in
irrigated acreage and maintain total water applied
near the level of 25 years earlier. Application rates
vary from less than 6 inches for soybeans in Atlantic
States to as much as 5 feet for rice in the Southwest.
Reductions in application rates have been widespread,
with greatest declines in the Northern Plains and
Mountain regions. (The higher rates for eastern
regions during the 1970teflects high crop prices

and wide adoption of irrigation for water-intensive,
specialty crops.)

Of the 6-inch decline in applied water, 2 to 3 inches
are attributable to shifting shares of irrigated crop
production between States and between crops within
States. Recent growth in irrigatatka has come in
cooler northern States or humid eastern States with
lower water application requirements. The remaining
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Figure 2.1.4--Irrigated land in farms, 1992

One dot= 10,000 acres

Source: USDA, ERS based on USDC 1992 Census of Agriculture data.
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3 to 4 inches of decline in application ratepresent
efficiency gains from changes in irrigation
technologies and water management practices (see
chapter 4.6lrrigation Water Managemept

Irrigation Water Prices and Costs

Prices paid for irrigation ater supplies are of
considerable policy interest due to their importance as
a cost to irrigated agriculture, and their impact on
regional water use. Increasingly, water pricing is
viewed as a mechanism to improve the economic
efficiency of water use. While the use of pricing to
adjust input allocation over time and across sectors
has appeal, problems emerge when applied to water.

Irrigation water prices are typically not set in a
market, since market development has not been
widespread. States generally administer water
resources and grant (not auction) rights of use to
individuals without charge, except for minor
administrative fees. As a result, water expenses are
typically based on the access and delivery costs of
supplying water and generally do not convey signals
about water’s relative scarcﬁy.
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Water prices could be set administratively, but this
approach is not likely to achieve goals of economic
efficiency. The localized nature of hydrologic
systems and the externalities associated with water
use and reuse would require precise adjustments in
water prices—spatially and temporally—requiring
high program costs. In addition, establishing a
slightly higher price may not dramaticalthange
input use in the current itiwtional environment. To
prompt large changes in input use would require very
large adjustments in price, all but prohibited by
distributional concerns.

The price irrigators pay for water is usually associated
with the expense of developing and providing the
resource—incluthg accessstorage, conveyance, and

in some cases, field distribution—and may not reflect
the full social cost of its use. Irrigation water costs
vary widely (table 2.1.5), reflecting different
combinations of water sources, suppliers, distribution

® Irrigators, municipalities, environmental groups, and others seek-
ing to increase water supplies where limits on development or use
have been reached must purchase annual water allocations or perma-
nent water rights from existing users. Prices of water purchased bet-
ter reflect the scarcity of the resource.
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Table 2.1.3—lrrigated land in farms, by region and crop, selected years 1969-96

Region 1969' 1974 19781 19817 1982' 1987' 1992' 1993° 1994° 1995° 1996*
Thousand acres

USDA production region:
Atlantic® 1,800 2,000 2900 3,000 2700 3,000 3,200 3,300 3,300 3500 3,400
North Central® 500 600 1,400 1,600 1,700 2000 2500 2,300 2,600 2,500 2,700
Northern Plains 4600 6200 8800 9300 9,300 8700 9,600 9,400 10,100 9,800 10,300
Delta States 1,900 1,800 2,700 3,300 3,100 3,700 4,500 4,500 5000 4,700 4,900
Southern Plains 7400 7,00 7,500 7,200 6100 4700 5400 5800 6,000 6100 6,100
Mountain States 12,800 12,700 14,800 14,600 14,100 13,300 13,300 13,700 13,500 14,000 14,200
Pacific Coast 10,000 10,600 12,000 12,400 11,900 10,800 10,800 10,700 11,100 11,400 11,500

United States’ 39,100 41,200 50,300 51,600 49,000 46,400 49,400 49,800 51,800 52,000 53,300

Crop:
Corn for grain 3,300 5600 8700 8500 8500 8000 9,700 9,600 10,600 9,800 10,900
Sorghum for grain 3,500 2500 2000 2100 2,200 1,300 1,600 1200 1200 1,100 1,100
Barley 1,600 1,400 2000 1,800 1,900 1,300 1,100 1,100 1,100 1,100 1,100
Wheat 2,000 3,300 3000 4,800 4600 3700 4,100 4,00 4,100 4,300 4500
Rice 2200 2,600 3,000 3,800 3200 2400 3,100 2,900 3400 3200 3,300
Soybeans 700 500 1,300 1,800 2,300 2600 2500 2,600 2,900 2,800 2,700
Cotton 3,100 3,700 4,700 5100 3,400 3,500 3,700 4,000 4200 4700 4,600
Alfalfa hay 5000 5200 5900 5700 5500 5500 5700 6000 6100 6400 6,400
Other hay 2,900 2,800 3,000 2900 3000 3,100 2900 3,100 2900 3300 3,300
Vegetables 1,500 1,600 1,900 1,800 1,900 2,000 2,200 2,200 2400 2300 2300
Land in orchards 2400 2,600 3,000 3,300 3300 3400 3,600 3,700 3,800 3,700 3,700
Other land in farms 10,800 9,400 11,800 10,100 9,200 9,500 9,100 9,300 9,300 9,200 9,300

1 Census of Agriculture.

2 Revised estimates constructed from several unpublished USDA sources and the Census of Agriculture.

3 Preliminary estimates.

4 Forecast assumes normal weather and no ARP's.

5 Northeast, Appalachian, and Southeast farm production regions.
6 Lake States and Corn Belt production regions.

7 Includes Alaska and Hawaii.

Source: USDA, ERS, based on USDC, Census of Agriculture, various years; and USDA, ERS data.

systems, and other factdr€ost determinants are
generalized below for ground- and surface-water
sources.

Groundwater Costs

Ground water was the sole water source for 22.5
million acres and supplied some of the water for an
additional 6.3 million acres in 1994. Ground water
from an estimated 330,000 irrigation wells served
approximately 105,000 farms nationwide (USDC,
1996). California had the most wells used for
irrigation in 1994 with 63,000, followed by Texas,

" Other factors include farm (or field) proximity to water

source, topography, underlying aquifer conditions, energy source,

and structure of the water delivery organization.
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55,000; Nebraska, 54,000; and Arkansas, 28,000.
Ground water is usually supplied from onfarm wells,
with each producer having one or more wells to
supply the needs of a single farm. On average, a
groundwater irrigated farm will have more than 3
wells, with about 6 percent of the farms reporting 10
or more wells.

Costs associated with groundwater pumpiftect

both the variable cost of extraction and the fixed cost
of access. Variable extraction costs primarily reflect
the energy needed to power a pumfnergy costs

8 A limited number of artesian wells, in which natural aquifer pres-
sure forces water to the ground’s surface, are located primarily in
Florida and Washington.
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Table 2.1.4—Depth of irrigation water applied per season, by region and crop, selected years 1969-96

ltem 1969 19741 1984 19887 1991  1992° 1993  1994> 1995  1996*
Inches®

Region:
Atlantic6 8.5 11.5 16.5 15.5 115 14.5 16.5 12.5 14.0 15.0
North Central7 7.5 8.0 9.5 10.5 8.0 8.0 5.0 7.5 7.0 7.5
Northern Plains 16.0 17.0 135 14.5 13.0 115 8.0 12.0 11.0 11.0
Delta States 15.5 175 175 18.0 12.0 15.0 15.0 13.5 14.5 14.0
Southern Plains 18.0 18.5 17.0 17.0 15.0 15.5 17.0 18.0 17.0 17.0
Mountain States 30.5 28.5 24.5 24.5 23.5 24.0 22.6 24.5 22.5 23.0
Pacific Coast 33.0 34.0 34.0 345 315 32.0 29.0 325 28.0 30.5

United Statess 25.5 25.0 225 22.5 20.0 20.5 19.0 20.5 19.0 19.5

Crop:
Corn for grain 18.5 19.5 16.0 16.0 14.0 13.0 11.0 13.5 12.5 12.5
Sorghum 19.0 19.0 145 14.0 13.5 12.5 115 13.5 12.0 12.5
Barley 30.0 26.5 18.5 18.0 17.5 18.5 17.5 19.0 17.5 18.0
Wheat 23.0 24.0 16.5 16.0 14.0 15.5 14.0 17.0 15.0 15.0
Rice 28.0 28.5 34.0 32.5 24.5 27.0 27.0 27.5 27.0 27.0
Soybeans 12.0 11.0 9.5 10.0 9.0 8.0 7.0 8.5 8.0 8.0
Cotton 23.0 255 25.0 24.5 21.0 23.0 21.5 21.0 20.5 21.0
Alfalfa hay 325 30.5 28.0 29.0 27.0 27.0 24.5 26.5 25.0 25.5
Other hays 22.0 21.0 21.0 19.5 19.5 20.0 19.5 20.5 20.0 20.0
Vegetables 25.0 255 27.0 26.5 24.5 24.5 23.5 24.0 23.0 24.0
Land in orchards 29.0 30.0 31.0 31.5 24.5 27.0 23.0 27.0 20.0 25.5

! census of Agriculture, with imputations for individual crops.

2 Estimates constructed by State, by crop from U.S. Dept. Commerce’s Farm and Ranch Irrigation Surveys (FRIS) and ERS estimates of irrigated
area.

3 Aggregated from FRIS State/crop application rates adjusted to reflect annual changes in precipitation. Sensitivity to precipitation is estimated as a
function of average precipitation and soil hydrologic group.

4 Forecast using precipitation records through September 1995.

5 Depths rounded to the nearest 0.5 inch.

6 Northeast, Appalachian, and Southeast production regions.

7 Lake States and Corn Belt farm production regions.

8 Includes Alaska and Hawaii.

Source: USDA, ERS, based on USDC, Census of Agriculture, selected years; USDC, Farm and Ranch Irrigation Surveys.

vary widely depending on the depth to water, A limited amount of ground water is supplied to
pumping system efficiency, the cost of energy, farms from off-farm sources. In this case, an
pressurization needs, and quantity of water applied. irrigation district or mutual water-supply company
Total U.S.energy expenditures for irrigation water will develop wells to serve irrigators during times of

pumping were estimated at more than $1.2 billion in  the year when surface-water supplies are unavailable
1994 (USDC, 1996). Average energy expenditures or in short supply. While the quantities of water
were $34 per acre with a State range from $11 to $74 supplied are small—estimated at onlp&cent of

per acre (table 2.1.5). Capital costs of accessing irrigation withdrawals—the water is often critical for
ground water can be substantial, depending on local improved water management and drought protection.
drilling costs, well depth, aquifer conditions, Availability of off-farm groundwateraserves provides
discharge capacity, power source, and pump type. irrigators a wider variety of crop alternatives without
Capital costs for a typical well and pumping plant are incurring the capital costs of individual well

usually $20,000 to $120,000. development. Pumping and access costs are probably

similar to onfarm-supplied groundater, but
producers pay a higher price because of overhead and
water delivery losses.
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Table 2.1.5—Supply sources and variable costs of irrigation water, 1994%

Water Acres Share of acres Average Cost range2 Comments

irrigated irrigated cost
Million Percent $/acre $/acre

Ground water 343 11-744 Pumping cost varies with energy
Only source® 225 49 prices and depth to water.
Combined sources 6.3 14

Onfarm surface water n/a 0-15° Costs are very low in most cases.
Only source 3.7 8 Some water is pumped from
Combined sources 2.2 5 surface sources at higher costs,

since energy is required.

Off-farm surface water’ 36° 13-78° Most acres relying on off-farm
Only source 8.9 18 sources are located in the West.
Combined sources 5.0 11

Total n/a n/a The sum of acres is greater than
Only source 35.1 76 the irrigated total in the Farm and

Ranch Irrigation Survey due to
double counting of combined
water sources.

Combined sources 135 29

n/a indicates no data available.

! These values include only energy costs for pumping or purchased water costs. Management costs and labor costs associated with irrigation deci-
sions, system maintenance, and water distribution are not included. 2 Available data are from the 1994 Farm and Ranch Irrigation Survey.

Reported national average energy expense for the onfarm pumping of irrigation water. 4 Range in State energy expenses for onfarm pumping of irri-
gation water. 5 Only source means that farms used no other irrigation water source. ® Cost estimates based on engineering formulas with an efficient
electric system. " Includes a minor amount of ground water supplied from off-farm suppliers. 8 Reported average cost for off-farm supplies.

Range Is the average cost reported from off-farm suppliers for States irrigating 50,000 or more acres from off-farm sources. If all States are
included, the range expands to $1 - $78 per acre.

Source: USDA, ERS, based on USDC, Farm and Ranch Irrigation Surveys.

Surface-Water Costs gravty conwyance is not possible due to topography

Surface water from rivers, streams, and lakes supplied ©7 16Vees, water must be pumped. However, pumping
almost 20 million irrigated acres in 1994 (table 2.1.5). COSts are generally lower than groundwater pumping
Onfarm surface water pplied about 6 million acres, =~ COSts since the vertical lift is not as high.

including 3.7 million acres as the sole source.
Off-farm water supplies provided all theater for

about 9 million acres, and part of the supply for an
additional 5 million acres. Water supplied by
off-farm water suppliers is largely from surface-water
sources (over 95 percent).

Off-farm water suppliers provided water to about
85,000 farms nationwide. Seventy percent of the
acres partially or totally supplied fromfdarm
sources are located in just six States—California,
Idaho, Colorado, Montana, Washington, and
Wyoming. These States account for more than
two-thirds of the acres depending off-fafm water

Onfarm surface-water sources provide all or part of
as the only water source.

the water needs for over 35,000 farms nationwide.
Lands irrigated with onfarm surface water are
concentrated in Montana, California, Oregon,
Wyoming, and Colorado. Costs of onfararface

water are likely the lowest on average, although little
supporting data are available. In most cases, water is
conveyed relatively short distances to the field by ® See section 2.1, USDA, ERS, 1994 (AREI) for more informa-
means of gravity, with costs limited to ditch tion on types of irrigation organizations.

establishment, maintenance, and repair. Where

Several types of organizations have been established
to convey and deliver irrigation water from off-farm
sources to irrigator%. Almost all are nonprofit
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entities with a goal of dependable water service at The Reclamation program has constructed 133
low cost. In 1994, irrigators reported an average cost projects that provide irrigationater, spendin$21.8
of water from off-farm sources of almost $36 per acre billion from 1902 through 1994. Of the total

irrigated, or an estimated $16 pare-foot (table construction expenditures, $16.9 billion is considered
2.1.5). Pricing is often based on acreage served reimbursable to the Federal Treasury. Reimbursable
rather than water delivered, since administrative costs construction costs are those associated with

are lower with land-based charges. Under a hydroelectric power production and water-supply
land-based payment system, producers generally pay adevelopment for irrigation, municipal, and industrial
fixed cost per acre and receive a specified water use. Non-reimbursable construction costs are those

allotment. With this pricing system, producers have allocated to flood control, oceeaton, dam safety, fish
little financial incentive to conserve since charges are and wildlife purposes, and other uses that are national

assessed regardless of the amount of the water in scope. lIrrigation has been allocated $7.1 billion of

allotment used. the reimbursable construction costs, with no interest
costs considered. Of the $7.1 billion allocated to

Water Costs on Federal Projects irrigation, $3.7 billion of the costs (5&rcent) were

Since passage of the Reclamation Act of 1902, the ~ determined to exceed irrigation’s "ability to pay” and
Federallol Govgrnment has had an important role in the N@ve been either shifted to other sectors ($3.4 billion)
development and distribution of agriculturater or relieved by congressional action ($0.3 billion)
supplies in the West. Primary responsibility for (GAO, 1996).

construction and management of Federal water supply , .

projects has resided with the U.S. Department of the = Considerable debate has focused on the issue of
Interior, Bureau of Reclamation (BOR). Today, the  recovering some portion of the irrigation subsidy
BOR serves as a water "wholesaler" for about 25 associated with past project construction. Critics
percent of the West's irrigated acres—collecting cc_)ntend that the current program seems inconsistent
storing, and conveying water to local irrigation with Federal spending and etyugoalsbecause

districts and incorporated mutual water companies ~ !r"igators (1) continue to repay loans without interest
that, in turn, serve irrigators. Water delivery and (2) shift costs tp_othscir sectors ballsed on
quantities and prices are usually specified under ability-to-pay” provisions. * Additionally, some

long-term (25-50 year) contracts between BOR and subsidies continue in the form of reduced electric
irrigation delivery organizations. New demands on ~ POWer rates for irrigators in Federal projects and
water for urban growth and environmental restoration Nterest-free construction loans for the few projects

have focused attention on issues such as the recovery Still under construction. Proponents argue that
of irrigation subsidies and economic efficiency subsidies associated with irrigation water delivery
through water pricing. must be placed in an historic context that considers

the goals of the Reclamation program established by
The 1902 legislation emphasized Western settlement COngress. They contend that the historic construction
rather than a full market return for Federal water subsidy program reflected the intent of Congress and
projects, and most water projeeisre sibsidized. has effectively met program objectives. They also
The subsidy stems primarily from Congressional point to equity concerns in trying to recover subsidies
actions authorizing the Reclamation program to (1) from individuals who may not have directly benefited.
allow long-term repayment of construction loans to [N Many cases, the value of the water subsidy has
irrigators with no interest, and (2) shift irrigation- been capitalized into the value of the land; the

related costs that are above proghst“abiity to pay” original owner of the land received the subsidy, not
to other project beneficiaries. These subsidies have —SuPbsequent owners who payed a higher price for the
reduced the cost of irrigationater to both the land because it had access to lower-cost water.

delivery organization and irrigators. The degree to  otential impacts on rural conumities are also a
which subsidies have influenced water allocations and Major concern. While the discussion continues, the
economic efficiency, both within agriculture and basic structure of the cost-repayment and cost-
across sectors, varies across projects. Factors include@!location system remains in effect after several
magnitude of the subsidy, availability of water from  congressional debates.

alternative sources, profitability of cropping

alternatives, and water demands from other sectors. —(——— " _ ,
Historically, the ability-to-pay calculations were made prior to
construction based on projected profitability of a small-farm opera-
tion. The BOR is now requiring that all new, renewed, and
amended contracts recompute ability-to-pay every 5 years.
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Rising water demands for urban and environmental
purposes have prompted discussions on how to more
accurately reflect the opportunity costs of water in
prices paid by irrigators. There are several options for
States (and the BOR in some cases) to modify
irrigation water price or quantity allocations to more
accurately reflect scarcity value of water and to
improve benefits derived from this important resource.
Water-pricing reform, voluntary water transfers or
markets, and water-quantity restrictions could all be

used to achieve the same goals. One major limitation

to both water-pricing reform and water-quantity
restrictions is the need for intensive administrative
control and oversight. Voluntary water markets
require less administrative control and are allowed by
most Western States; however, transactions costs are
high in some locations, and institutional rigidities may
limit water movement. The BOR can encourage the
establishment of water markets by: (1) developing
standard language on water marketing in all BOR
contracts with water delivery organizations; (2)
considering removal of restrictions on changes in
location and type of water use, since most Western
States already require this as a prebtion to

transfer; (3) clarifying wheeceiveshe increased

income from the water sale or lease; and (4) reducing
uncertainty regarding the effect of transfers on current

contracts, contract water quantities, and procedures
for assessing environmental benefits and costs
(Mecham and Simon, 1995).

Recent legislation involving the Central Valley Project
(CVP) in California—the BOR'’s largest
project—establishes an important legislajprecedent
for the pricing, allocation, and transfer of Federal
water supplies. Provisions of the law increase water
prices for renewed contracts, implement tiered
water-pricing schedules (higher peariurates for

higher usage), and reallocate some water for
environmental purposes. In addition, the legislation
removed important barriers to water market transfers,
thus allowing water to move both wih and off the
project areas to satisfy higher valued demands. CVP
reforms may guide future BOR efforts in promoting
water conservation and increasing economic returns
from water use on other federally financed projects.

A recently completed study by the National Research
Council (1996) concludes that irrigated agriculture is
likely to remain an important sector, both in terms of
the value of agricultural production and demand on
land and water resources. However, changes in the
irrigation sector are anticipated in response to
increatng water demands for urban and
environmental uses, and changing institutions
governing farm programs and water allocations.
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Water dedicated to agricultural production will likely
decline, with at least some portion shifted to satisfy
environmental goals.

Authors: Noel Gollehon, (202) 219-0413
[gollehon@econ.ag.gov], William Quinpsnd Marcel
Aillery.
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Glossary of Water Use Terms

Acre-foot—A volume of water covering an acre of land to a depth of 1 foot, or 325,851 gallons.

Consumptive use—Amount of water lost to the immediate water environment through evaporation, plant transpiratjon,

incorporation in products or crops, or consumption by humans and livestock.

Ground water—Generally all subsurface water as opposed to surface water. Specifically, water from the saturatg
surface zone (zone where all spaces between soil or rock particles are filled with water).

Industrial withdrawals/use (other than thermoelectric)—Includes the water withdrawn/consumptively used in facili-
ties that manufacture products (including use for processing, washing, and cooling) and in mining (including use
dewatering and milling).

Irrigation withdrawals/use —Includes the water withdrawn/consumptively used in artificially applying water to farm
and horticultural crops. Some data sources include water to irrigate recreational areas such as parks and golf co

Loss—Water that is lost to the supply, at the point of measurement, from a nonproductive use, including evapora
from surface-water bodies and nonrecoverable deep percolation.

Overdrafting—Withdrawing ground water at a rate greater than aquifer recharge, resulting in lowering of groundw
levels. Also referred to as aquifer mining.

Public and rural domestic withdrawals/use—Includes the water withdrawn/consumptively used by public and privale

water suppliers and by self-supplied domestic water users.

d sub-

urses.

ion

ater

Recharge—The percolation of water from the surface into a groundwater aquifer. The water source can be precipita-

tion, surface water, or irrigation.

Return flow—Water that reaches a surface-water source after release from the point of use, and thus becomes g
for use again.

Surface wate—An open body of water such as a stream, river, or lake.

Thermoelectric withdrawals/use—Includes the water withdrawn/consumptively used in the generation of electric
power with fossil-fuel, nuclear, or geothermal energy.

Irrigation water application —The depth of water applied to the field. Irrigation application quantities differ from i
gation withdrawals by the quantity of conveyance losses.

Withdrawal —Amount of water diverted from a surface-water source or extracted from a groundwater source.
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Instream Water Flows

Increased demand for instream water flows have intensified competition for limited water supplies in many areas.
Water historically withdrawn for consumptive use in irrigation and municipal sectors, or impounded for navigation
hydropower generation, is finding a new “use” as instream flows for recreational and environmental purposes. In
flow requirements are increasingly guaranteed through legislatively mandated transfers, and in some cases, direg
purchases.

Recreation Demand for water-based recreation has generally increased over time with expanding populations, Id

and
Stream
t market

isure

time, and disposable income. While water demanded for recreation is difficult to quantify due to the multi-use nafure of

recreational waters, the increase in participation provides an indicator of the increased demand for water-based r
tion activities. The number of adults participating in boating activities nationally—including sailing, motor boating
water skiing, and canoeing—has expanded from 49.5 to 60.1 million (21 percent) since 1982 (Forest Service and
1995). Swimming in natural water bodies has increased from 56.5 to 78.1 million persons (38 percent) over the
period. Fishing activity has declined 3 percent, from 60.1 to 58.3 million persons.

Wildlife habitat . Wildlife, including but not limited to endangered species, often competes with out-of-stream use
water resources. Many wildlife communities and their habitats—aquatic, riparian, wetland, and estuarine—depen
water. Efforts to protect wildlife and habitat may involve restrictions on water withdrawals, timing of deliveries, la
storage levels, and drainage flows. Instream flow restrictions to protect wildlife habitat has important implications

Pcrea-

others,
same

5 for
d on
e

for ir-

rigated production and farm income. The responsibility of private water developments located on public lands to provide

water for downstream fish and wildlife habitat is being “reexamined” through Section 389 of the 1996 Farm Act,
requires a Water Rights Task Force. The task force will study the issue of water rights for environmental protect
national forest land, the protection of minimum instream flows, and the protection of water rights that involve facil
on Forest Service lands.

Endangered species Aquatic plant and animal species, and other predatory species that depend on healthy aqua|
tems, may be highly sensitive to changes in instream water conditions. There are currently 663 species nationw
listed as “threatened” or “endangered” under the Federal Endangered Species Act (ESA). Current species listing
ify various water flow-related reasons for species decline, potentially related to irrigation. These include water

hich
on on
ties

flic sys-
de
5 spec-

diversion/drawdown (141 species), water-level fluctuation (82 species), water-level stabilization (26 species), watjr tem-

perature alteration (61 species), reservoirs (103 species), groundwater drawdown (71 species), and salinity alter
species) (computed from data supplied by Biodata Inc., Golden, CO, 1995).

The restoration of aquatic and riverine ecosystems to protect and recover endangered species has emerged as
most critical agricultural water-supply issues of the 1990’s. Many of the current conflicts involve allocation of surf
water flows in western river systems. This reflects various factors particular to the West—the unique biota of ma
western river systems; the scarcity of renewable water supplies in an arid environment; and the nature of water @
based on the concentration of irrigated production and rapid urban growth. However, conflicts involving wildlife &
agriculture are not limited to surface water, and are no longer limited to the arid Western States.

Examples of instream flow competition In the Pacific Northwest, a major Federal/State effort is underway to restq
declining native salmon stocks of the Columbia-Snake River Basin, including three stocks listed under the ESA.
power generation, irrigation diversions, land-use activities (logging, mining, and grazing), and fish harvesting hav{
contributed to the decline through extensive loss and degradation of salmon habitat. Increasing instream flow vg
to assist migrating salmon—through reservoir drawdown along the lower Snake River (Washington/Oregon) and
duced irrigation diversions in the upper Snake River (Idaho/Oregon)—represents a major element of recovery str
under consideration (Aillery and others, 1996).

In California’s San Francisco Bay/San Joaquin-Sacramento River Delta (Bay/Delta) area, efforts are underway to
age flows to restore endangered fish species and federally protected migratory waterfowl. The Bay/Delta region
important, both as a pumping/transfer point for agricultural and urban water supplies for much of central and sou
California and as a natural site of ecological significance. Increased freshwater outflows from the Bay/Delta, link
salinity standards, are being used to improve estuarine habitat. The higher water outflows translate into reduced
supplies for agriculture. Additionally, adjustments in river management to improve species protection are limiting
timing of withdrawals for agricultural purposes. Progress on solutions is being made through Federal, State and
operation (McClurg, 1996).
--cont. on next page
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Instream Water Flows (cont.)

flows would impact irrigated agriculture (Baldwin and others, 1993 and Collinge and others, 1993).

cle, contributing to the declining productivity of the natural ecosystem (Finkl, 1995). Wetland conversion for

expanding urban sector (SFWMD, 1995).

The Edwards Aquifer region of south-central Texas illustrates the interaction between ground water and species
tion. Extensive groundwater pumping for agricultural and urban uses contributes to annual declines in the aquifef water
level, which reduces flows from aquifer-fed springs that support habitat for endangered aquatic species. The situation is
compounded by the nature of the aquifer, which has high recharge from precipitation, and is therefore susceptibl¢ to the
vagaries of weather and drought. Potential restrictions on groundwater use in the region to ensure minimum spring

brotec-

In South Florida, extensive water-control infrastructure and management has severely altered the natural hydrologic cy-

agricultural and urban uses has substantially reduced available wetlands for wildlife habitat and other environmerjtal
uses. Of the remaining wetlands, large areas are seriously degraded due to disruptions in the quantity, timing, ahd distri-
bution of flows to meet water-supply and flood-control purposes. In addition, land-use activities have contributed|to
impaired water quality in some areas. A major effort is underway at the Federal and State level to restore naturdl hydro-
logic functions, to the extent practicable, while meeting water-supply and flood-control objectives for agriculture ahd an
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Recent ERS Research on Water Issues

Irrigation Water Use, 1994AREI Update, 1996, No. 8 (Noel Gollehon and Marcel Aillery). This update presents {
level information on water sources (onfarm wells, onfarm surface, and off-farm surface) and irrigated acres by crq
based on the 1994 Farm and Ranch Irrigation Survey.

Water SuppliesAREI Update, 1996, No. 3 (Noel Gollehon and Marcel Aillery). This look at the 1996 spring wate

tate-
p

supply forecasts and conditions highlights the drought area in the Southwest and Southern Plains, near- to above-normal

irrigation supplies in the West, and adequate subsoil moisture conditions in the East.

Salmon Recovery in the Pacific Northwest: Agricultural and Other Economic Effe@t&R-727, Feb. 1996 (Marcel

Aillery, Paul Bertels, Joseph Cooper, Michael Moore, Steve Vogel, and Marca Weinberg). The agricultural effect$ of
two proposed Snake River management measures—reservoir drawdown on the lower Snake and reductions in irfigation

water supplies in the upper Snake—considered to recover three salmon runs are analyzed. For the Northwest rd

gion, ad-

justments in crop production could lower producer profit by $4-$35 million annually (less than 3 percent of the 1987

baseline), depending on specific alternatives.

Economic Analysis of Selected Water Policy Options for the Pacific Northw&ER-720, June 1995 (Glenn Schaible,

Noel Gollehon, Mark Kramer, Marcel Aillery, and Michael Moore). Irrigated agriculture in the Pacific Northwest culd

use significantly less water with minimal impact on agricultural economic returns. Net water savings for field crog

s of

up to 18 percent of current use levels could be realized with less than a 2-percent decline in economic returns. Combin-

ing different approaches spreads the conservation burden among farmers, water suppliers, and production regior]

"Multicrop Production Decisions in Western Irrigated Agriculture: The Role of Water Price," American Journal

of Agricultural Economics 76:859-874, Nov. 1994 (Michael Moore, Noel Gollehon, and Marc Carey). Econometri¢

timates of water demand and irrigated crop supply functions for four regions of the West provide the statistical bg

S.

es-
se for

this analysis. The analysis examined irrigator response to shortrun water price change, measured as increases iph ground-
water pumping cost. Findings suggest that irrigators respond primarily at the extensive margin—changing the acres

devoted to specific crops—rather than at the intensive margin—changing the quantity of water applied during the
tion season.

"Alternative Models of Input Allocation in Multicrop Systems: Irrigation Water in the Central Plains ," Agricul-
tural Economics 11:143-158, Dec. 1994 (Michael Moore, Noel Gollehon, and Marc Carey). This analysis compar
different farm-level models of irrigation decisionmaking on farms with multiple crops in the Central Plains region.
Water was modeled three ways: as a variable input, an input used without regard for price, and a fixed-allocatabl
The model considering water a fixed-allocatable input dominated the other models in both model specification tes
prediction accuracy measures.

(Contact to receive reports: Noel Gollehon, (202) 219-0413 [gollehon@econ.ag.gov])
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WATER

2.2 Water Quality

Agricultural production often emits pollutants that affect

the quality of the Nation’s water resources and impose
costs on water users. The extent and magnitude of
agricultural pollution is difficult to assess because of its
nonpoint nature. However, agriculture is the leading
source of impairment in the Nation’s rivers and lakes, and a
major source of impairment to estuaries.

Contents

Agricultural Pollutants

Reducing Loadings From

Quality of the Nation’s Water

Costs and Benefits of Pollution Control

Agriculture

Producing food and fiber involves many activities
and practiceshat can affect the quality efater
resources under and near the field. For example,
tilling the soil and leaving it without plant cover for
extended periods of time results in accelerated soil
erosion. The use of chemical inputs increases the
probability that some of these materials will wash off
or leach through the field to enter water resources.
Irrigation can move salt and other dissolved minerals
to surface water. Livestock operations produce large
amounts of waste which, if not properly disposed of,
can threaten human health as well as contribute to
excess nutrient problems in streams, rivers, and lakes.

Quality of the Nation’s Water

The Clean Water Act (passed in 1972 as the Federal
Water Pollution Control Act) defines water quality in
terms of designated beneficial uses with numeric and
narrative criteria that suppt each use. Designated
beneficial uses are the desirable uses that water
resources should support. Examples are drinking
water supply, primary contacécreationsand aquatic
life support. Numeric water quality criteria establish
the minimum physical, chemical, and biological
parameters required for water to support a beneficial
use. Physical and chemical criteria may set
maximum concentrations of pollutants, acceptable
ranges of physical parameters, and minimum
concentrations of desirable parameters, such as

AREI / Water

dissolved oxygen. Biological criteria describe the
expected attainable community attributes and
establish values based on measures such as species
richness, presence or absence of indicator taxa, and
distribution of classes of organisms (EPA, 1994).
Narrative water quality criteria define conditions and
attainable goals that must be maintained to support a
designated use. Narrative biological criteria describe
aguatic communitgharacterigcs expected to occur
within a water body.

Surface-Water Quality

The Nation’s surface-water qitgl has improved

since 1972, primarily through reductions in pollution
from point ®urces. However, many water quality
problems remain. Water Quality Inventories,
published by the U.S. Environmental Protection
Agency (EPA), show no major improvement in the
quality of the Nation’s rivers, lakes, ponds, and
estuaries since 1990 (EPA, 1995). Agriculture is
cited by States as a leading source of water quality
impairment. A little over one-third of river miles,

lake acres (excluding the Great Lakes), and estuarine
waters assessed by the States were found to not fully
support their designated uses in 1994 (table 2.2.1).

The Great Lakes continue to suffer serioukugion,

even though some progress has been made in
reducing the worst cases of nutrient enrichment
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Table 2.2.1—Status of the Nation’s surface-water quality, 1988-94

Rivers Lakes® Estuaries

Item 1988 1990 1992 1994 1988 1990 1992 1994 1988 1990 1992 1994

Percent of total water
Water systems assessed 29 36 18 17 41 47 46 42 72 75 74 78

Percent of assessed waters
Meeting designated uses:

Supporting 70 69 62 64 74 60 56 63 89 67 68 63
Partially supporting 20 21 25 22 17 19 35 28 8 25 23 27
Not supporting 10 10 13 14 10 21 9 9 3 8 9 9

Clean Water Act goal of fishable:

Meeting 86 80 66 69 95 70 69 69 97 77 78 70
Not meeting 11 19 34 31 5 30 31 31 3 23 22 30
Not attainable 3 1 - - - 0 - - 0 - 0 0

Clean Water Act goal of swimmable:

Meeting 85 75 71 77 96 82 77 81 92 88 83 85
Not meeting 11 15 20 23 4 18 22 19 1 12 17 15
Not attainable 4 10 9 - - - - - 7 - 0 -

- = less than 1 percent of assessed waters.
! Excluding Great Lakes.
Source: USDA, ERS, based on Environmental Protection Agency National Water Quality Inventories, 1988, 1990, 1992, 1994.

(particularly in Lake Erie).Only 3 percent of the ingesting harmful quantities of toxic pollutants. All
assessed shoreline miles (with @& cent assessed) States but Alaska, South Dakota, and Wyoming

fully support designated uses (EPA, 1995). issued fish consumption advisories in 1994, for a total
Sixty-three percent of the assessed shoreline does notof 1,531. This was up from 1,279 fish consumption
support designated uses at all. Most of@neat advisories in 46 States in 1993 (EPA, 1994).

Lakes shoreline is polluted with toxic organic Mercury, PCB'’s, chlordane, dioxin, and DDT caused
chemicals, primarily PCB'’s and DDT that are often more than 93 percent die fish consumption

found in fish samples. Atmospheric deposition of advisories in 1994. These contaminants have been
toxics, including pesticides, and contaminated linked with human birth defects, cancer, neurological
sediments are the leading sources of impairment. disorders, and kidney ailments. Indétn, bacterial

and viral contamination closed over 6,000 square
The Chesapeake Bay, the largest estuary in the world, miles of shellfish beds in 15 States during 1992-94.
has seen water quality degrade over time because of Most of the problems are from improperly treated

agricultural development, population growth, and sewage and urban runoff, but animal waste also
sewage treatment plant emissions. While an contributes.

aggressive program has reduced phosphorus, nitrogen

concentrations remain high, leaving the bay The number of fishkills provides some idea of
overenriched. Shellfish harvests have declined pollutant impacts on aquatic life. These are most
dramatically in recent years, and poor water quality is often sporadic events, rather than a chronic problem.
believed to be an important contributing factor. Thirty-two States, tribes, and other jurisdictions

reported 1,454 fishkill incidents during 1992-93
Contaminated seafood andhiidlls are also indicators (EPA, 1995). Pesticides and manure/silage were
of surface water quality. States issue fish identified by States as major contributors to fishkill
consumption advisories to protect the public from incidents.
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Groundwater Quality

Some States report on the general qualityhefrt
groundwater resources in Section 305(b) reports. Of
38 States that reported overall groundwater quality in
1992, 29 judged their goundwater quality to be good
or excelent (EPA, 1994). Generally, States report
that degradation of groundwater resources is a local
occurrence. Agriculture was cited as a source in 44
of the 49 States that reported major sources of
groundwater contamination.

An indication of agriculture’s impact on groundwater
guality comes from the EPA’s National Survey of
Pesticides in Drinking Water Wells, conducted in
1988-90. The survey provided the first national
estimates of the frequency and concentrations of
pesticides and nitrate in community water system
wells and rural domestic drinking water wells.
(Results of this survey are reported in following
sections.) In summary, the proportion of wells found
to contain any particular pesticide or pesticide
degradate was low. However, many wells were

affected by the presence of nitrate at levels exceeding california

EPA health guidelines.

Agricultural Pollutants

Agricultural production produces a wide variety of
pollutants. These include sediment, nutrients,
pesticides, salts, and pathogens. While farmers do
not intend for these materials to move from the field
to water resources, they often do. For example, as
much as 15 percent ttie nitrogen fertilizer and up to
3 percent of pesticides applied to cropland in the
Mississippi River Basin makes its way into the Gulf
of Mexico (Goolsby and Battaglin, 1993). States
reported that agriculture is the leading remaining
source of impairment in the Nation’s rivers and lakes,
and a major source of impairment in estuaries (EPA,
1995). An estimated 7dercent of U.S. cropland
(nearly300 million acres) idocated in watersheds
where the concentiat of at least one of four
common surice-water contaimants (nitrate,
phosphorus, fecal coliform bacteria, and suspended
sediment) exceeded generally accepted criteria in
1989 (Smith, Schwarz, and Alexander, 1994).

Sediment

Disturbing the soil through tillage and cultivation and
leaving it without vegetative cover increases the rate
of soil erosion. Dislocated soil particles can be
carried in runoff water and eventualigach surface
water resources, including streams, rivers, lakes,
reservoirs, and wetlands. Sediment causes various
damage to water resources and to water users.
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Table 2.2.2—Trends in concentrations of
agricultural water pollutants in surface waters,
1980-90

Water resources region Phos-

phorus

Nitrate Suspended

sediment

Average percentage change

per year
North Atlantic * -1.4 -0.4
South Atlantic-Gulf * 0.1 0.2
Great Lakes * -3.3 0.5
Ohio-Tennessee * -1.0 -1.3
Upper Mississippi 4 -1.2 -1.3
Lower Mississippi -1.6 -3.8 -1.2
Souris-Red-Rainy * -0.8 1.2
Missouri * -1.7 -0.2
Arkansas-White-Red * -3.1 -0.7
Texas-Gulf-Rio Grande * -0.9 -0.6
Colorado * 2.4 -0.8
Great Basin * -2.7 -0.2
Pacific Northwest * -1.7 -0.1

* -1.4 -0.6

* Between -0.1 and 0.1.
Source: USDA, ERS, based on Smith, Alexander, and Lanfear, 1993.

Accelerated reservoir siltation reduces the useful life
of reservoirs. Sediment can clog roadside ditches and
irrigation canals, block navigation channels, and
increase dredgg costs. By raising stream beds and
burying streamside wetlands, sediment can increase
the probability and severity of floods. Suspended
sediment can increase the cost of water treatment for
municipal and industrial water uses. Sediment can
also destroy or degrade aquatic wildlife habitat,
reducing diversity and damaging commercial and
recreaibnal fisheries.

Siltation is one of the leading pollution problems in
U.S. rivers and streams and among the top four
problems in lakes and estuaries (EPA, 1995).
Sediment damages from erosion have been estimated
to be between $2 billion and $8 billion perar
(Ribaudo, 1989). These include damages or costs to
navigation,reservoirs, rereatonal fishing, water
treatment, water conveyance systems, and industrial
and municipal water use.

Soil conservation efforts over the past 10 years,

particularly the ConservationeRerve Program and
Conservation Compliance, are starting to pay off (see
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chapters 6.2 and 6.3). The National Resources
Inventory reports that the average rate of sheet and
rill erosion on cropland declined by about one-third
between 1982 and 1992. In most regions of the
country, the U.S. Geological Survey (USGS) found
that suspended sediment concentrations trended
slightly downward over the 1980’s, particularly in the
Ohio-Tennessee, and Upper and Lower Mgppi
regions (table 2.2.2) (Smith, Alexander, and Lanfear,
1993). Areasharacterized by corn and soybean
production and mixed crops had the greatest
downward trends.

Nutrients

Nutrients can enter water resources three ways.
Runofftransports pollutants over the soil sué by
rainwater or irrigation water that does not soak into
the soil. Nutrients move from fields to surface water
while dissolved in runoff water or adsorbed to eroded
soil particles. Run-intransports chemicals directly to
groundwater through sinkholes or poroudractured
bedrock. Leachingis the movement of pollutants
through the soil byercolating rain or irrigation

water. 9il organic matter content, clay content, and
permeability allaffect thepotential for nutrients in
soils to leach through the root zone.

Important nutrients from a water quality standpoint
are nitrogen and phosphorus. Nitrogen, primarily
found in the soil as nitrate, is easily soluble and is
transported in surface runoff, fike drainage, or with
leachate. Phosphorus, primarily in the form of
phosphate, is only moderately soluble and, relative to
nitrate, is not very mobile in soils and ground water.
However, erosion can transport considerable amounts
of suspended phosphorus to surface waters.

Nutrients from agriculture can accelerate algal
production in receiving stace water, redting in a
variety of water-quality problems, incling) clogged
pipelines, fishkills, and reducedcreation
opportunities. Nitrate is the only nutrient for which
the EPA has established a maximum contaminant
level (MCL, a legal maximum long-term exposure) in
drinking water (10 mg/L). Nitrate can be converted
to nitrite in the gastrointestinal tract. In infants under
6 months of age, this nitrite could cause
methemoglobinemia, otherwise known as “blue-baby
syndrome,” which prevents the transport of sufficient
oxygen in the bloodstream. The presence of nitrate in
concentrations above 10 mg/L in sources of public
drinking water systems requires additiotraltment,
with associated treatment costs.
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EPA reports that nutrient pollution is the leading
cause of water quality impairment in lakes and
estuaries, and is the third leading cause in rivers
(1995). Agriculture is the primary source of nutrients
in impaired suiace waters.

From its 1988-90 national survey of drinking water
wells, the EPA found nitrate in more than half of the
94,600 community water system (CWS) wells and
almost 60 percent of the 10.5 million rural domestic
wells, making nitrate the most frequendgtected
chemical in well water. However, only 1.2 percent of
the CWS'’s and 2.4 percent of the rural domestic wells
were estimated to contain levels above the MCL.
About 3 million people (including 43,500 infants)
using water from CWS’s and about 1.5 million people
(including 22,500 infants) using rural wells are
exposed to nitrate at levels above the MCL (EPA,
1992). Higher findings forural domesc wells are
expected since they are closer to farmland and are
generally shallower than wells used by CWS'’s,
making them more susceptible to contamination.
More recently, the USGS found that the MCL was
exceeded in about 1 percent of CWS'’s, but 9 percent
of rural domesic wells (Mueller and others, 1995).
The difference with EPA’s findings is probably due to
different sampling strategies. The USGS found that
about 21 percent afells under agricultural land
exceeded the MCL in selected watersheds, with
particularly high proportionsxceethg the MCL in

the Northern Plains (35 percent) and the Pacific (27
percent) regions.

Residual nitrogen is that portion of nitrogen available
from natural and manmade sources thawoistaken

up by crops. Residual nitrogen on cropland (nitrogen
from both commercial and manure sources in excess
of plant needs) is an indicator of potential nitrate
availability for runoff tosurface water or leaching to
ground water. Regions with relatively high residual
nitrogen include the Corn Belt, parts of the Southeast,
and the intensively irrigategreas othe West (fig.
2.2.1). However, residual nitrogen by itself does not
necessarily result in water quality problems. For
example, warm, moist soil conditions in the Southeast
tend to volatilize residual nitrogen to the atmosphere,
and vegetative buffers capture excess nitrogen before
it reaches water syems (Mueller and others, 1995).
Therefore, nitrate levels in surface anduyrd water

in the Southeast tend to be low, even though the
vulnerability index and residual applications may be
high. Regions with the greatest potential for nitrate
contamination of groundwater include parts of the
Lower Mississippi River, Southeast, and intensively
irrigated areas of the West, reflecting areas of heavy

AREI / Water



Figure 2.2.1--Residual soil nitrogen including nitrogen from manure, early 1990’s
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Source: USDA, ERS, estimated from 1990-93 cropping practices and other survey data.
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Figure 2.2.2--Groundwater vulnerability index for nitrogen including nitrogen from manure,
early 1 990’
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Source: USDA, ERS, estimated from NRCS National Resources Inventory and 1990-93 Cropping Practices Survey and other data.
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use and/or areas with soils prone to leaching (fig.
2.2.2). A similar index is not available for surface
water. However, areas with high residual nitrogen
and low groundwater vulnergdiby are more likely to

have a high surfae-water vulnerabty.

Agricultural activities are not the only cause of
nutrient pollution. Other sources of nitrogen and
phosphorus include point sources such as wastewater
treatment plants, industrial plants, and septic tanks.
Atmospheric deposition is another nonpoint source of
nitrogen. Indeed, more than half the nitrogen emitted
into the atmosphere from fossil fuel-burning plants,
vehicles, and other sources is deposited on U.S.
watersheds (Puckett, 1994). The relative shares of
point and nonpointairces vary by region, with
commercial agricultural fertilizers the dominant
source in some areas of the West, and in the central
and southeastern United States (Puckett, 1994).
Nitrogen discharges from point sources, based on
National Pollution Discharge Elimination System
permits, are concentrated in the Northeast, Lake
States, and Appalachian regions, areas with major
population centers and large concentrations of
industry (fig. 2.2.3). Areas that may have to deal
with both point and nonpoint sources include the
eastern Corn Belt, the agricultural areas of California,
parts of the Southeast, and the Mid-Atlantic region
(including Chesapeake Bay).

USGS analysis of nutrients in surface waters over the
1980’s shows different trends for nitrate and
phosphorus in surface water (table 2.2.2) (Smith,
Alexander, and Lanfear, 1993). Nitrate, in general,
showed no statistically significant trend, which differs
from the rise noted during 1974-81. This follows the
pattern of agricultural nitrogen use, which rose
sharply during the 1970’s, peaked in 1981, and then
stabilized. Phosphorus in water during the 1980’s
continued a decline noted in the 1970’s, likely due to
improved wastewater treatment, decreased phosphorug
content of detergents, reduced phosphorus fertilizer
use, and reduced soil erosion. Indeed, the rate of
phosphorus decline in water in cropland areas was
more than twice that in urban areas.

Pesticides

A wide variety of pesticides, with different levels of
toxicity, solubility, and persistence, are applied to
agricultural crops to control pests, fungus, and disease
(see chapter 3.Resticidey Pesticides are extremely
important to production, but their use and/or misuse
may lead to water quality problems. Pesticides move
to water resources much as nutrients do. In imafglit
some pesticides can barriedinto the air attached to

dust or as an aerosol, and deposited into water bodies
with rainfall.

Pesticide residue®acling surice-water sysms

may harm freshwater and marine organisms,
damaging recreational and commercial fisheries.
Pesticides in drinking water supplies pose risks to
human health. Some commonly used pesticides have
been identified as probable or possible human
carcinogens. The presence of regulated pesticides
above specified levels in water supplies requires
additional treatment, placing added costsaater

utilities and their customersEnforceable drinking

water standards have been established for 15 currently
used pesticides, and more are pending (see box,
“Maximum Contaminant Levels”).

Well over 500 million pounds (active ingredient) of
pesticides are applied annually on farmland (see
chapter 3.2Pesticide} and certain chemicals can
travel far from where they are applied (Smith,
Alexander, and Lanfear, 1993; Gsby and others,
1993). Their presence in food and water basn
highlighted and made an issue by environmental and
consumer safety groups.

Maximum Contaminant Levels (MCL's)
Public Water Systems are required to make sure thgt
the water they supply does not exceed the MCL for
each chemical. These are enforceable standards, set
by EPA, that are considered feasible and safe.
MCL’s have been set for 15 agricultural chemicals.
Chemical MCL (mg/l) Type chemical
Nitrate 10.0 fertilizer
Alachlor .002 herbicide
Atrazine .003 herbicide
Carbofuran .04 insecticide
2,4-D .07 herbicide
Dalapon 2 herbicide
Dinoseb .007 herbicide
Diquat .02 herbicide
Endothall i other
Glyphosate v herbicide
Lindane .0002 insecticide
Methoxychlor .04 insecticide
Oxamyl 2 insecticide
Picloram 5 herbicide
Simazine .004 herbicide
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Figure 2.2.3--Nitrogen from point sources (excluding confined animal operations), 1993
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Source: USDA, ERS, based on EPA permit compliance system data.

Figure 2.2.4--Groundwater vulnerability index for pesticides weighted by persistence and toxicity
of pesticide early 1990’s
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Areas with low pesticide use usually have low
detection frequencies (Barbash and Resek, 1995).
Conversely, areas where a pesticide is detected
frequentlyare often those of high use. However, low
frequencies of pesticide detection are often

concentrations above MCL's or Lifetime Health
Advisory Levels (the maximum concentration of a
water contaminant that may be consumed safely over
an average lifetne). Problems were found more
frequently in shallow wells in agriculturateas. A

encountered in areas of high use, indicating that other sampling of wells in corn- and soybean-growing areas

factors influence pesticide movement.

Most studies of pesticides in surface water focus on
the midcontinent region where large amounts of

in the Midwest found 28 percent oklls had

detectable levels of selected pesticides and
metabolites, but none exceeded the MCL (Kolpin,
Burkart, and Thurman, 1993). Atrazine was the most

pesticides are used. Goolsby and others (1993) found frequently detected compound.

that herbicides are detected at low levels throughout
the year in the rivers of the Midwest, including the
Mississippi River. The amounts transported by
streams and rivers in the Midwest are generally less
than 3 percent of the amount applied, but can still
result in concentrations above the MCAtrazine

(and its metabolites), alachlor, cyanazine, and
metolachlor, used principally for weed control in corn
and soybeans, were the principal contaminants

Groundwater vulnerality to pesticides varies
geographically, depending on solaracteriscs,

pesticide application rates, and the persistence and
toxicity of the pesticides used (fig. 2.2(&pe chapter
3.2, Pesticidesfor more discussion of persistence and
toxicity). Areas with sandy, highly leachable soils,
such as central Nebraska and the blueberry barrens of
Maine, have high vulnerdity ratings. Highly

detected, and are also the most widely used pesticidesvulnerable areas characterized by heavy apjsicsit

in the region. Such chemicals, once in drinking water
supplies, are not controlled by conventional treatment
technologies (Miltner and others, 1989). About 21
million people in the Midwest rely on drinkingater
from surface sources, about 42 gast of the

population.

High concentrations of atrazine in some water
supplies in the Midwest have prompted concerns that
public water tilities will have to install expensive
water treatment systems in order to meet Safe
Drinking Water Act requirements. In 1990, about 29
percent of publiatilities dumped powdered activated
carbon into their systems to spot-treat for organic
chemicals, primarily pesticides (American Water
Works Association, 1992). If all the treatment plants
withdrawing from surface sources upgrade their
treatment systems to remove pesticides, annual
treatment costs would increase by $400ion per

year (Ribaudo and Bouzaher, #99Because of these
concernsEPA has placed the triazine herbicides
(atrazine, cyaname, and simazine) under special
review due to potential health and ecological
concerns. DuPont has already announced that it will
phase out its cyanazine production.

Some pesticides leadhto underlying aquifers. EPA’s
survey of drinking water wells found that 10 percent
of the CWS'’s and 4 percent of rural domestic wells
contained at least one pesticide (1990). Pesticides or
their transformation products have been detected in
the ground waters of 43 States (Barbash and Resek,
1995). However, the EPA estimated that less than 1
percent of the CWS’s and rural domestic wells had
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of generally toxic materials on fruit and vegetable
crops include the San Joaquin Valley in California,
Florida, and southern Arizona. In contrast, the Corn
Belt, despite the widespread use of chemicals,
particularly herbicides, has a lower rating than other
areas because the predominant soils are not prone to
leachng.

Animal Waste

Animal operations can generate large antsiof

waste which, if improperly handled or disposed of,
can affecthe quality of suiace-and groundwater
resources. Improperly constructed storage pits or
lagoons at confined facilities cdmeak or leak,
releasing large amounts of concentrated waste directly
into surface water. Dissolved material daachinto
groundwater if lagoons or pits are improperly lined.
Pastured animals allowed to graze near or to water in
streams can contaminate water. Improper application
of animal waste on fields, such as spreading on
frozen ground, can result in large amounts being
flushed into water bodies after rain or a thaw.

An issue of increasg importance to water quality is
the management of manure from confined animal
operations. This stems from increasing concentration
in the animal industry, a number of incidents where
manure has contaminated local water bodies (see box
“Animal Waste Storage Failures”), and a greater
awareness of the potential for contamination of
drinking water supplies by waste-borparages.

Larger operations, particularly for hogs and dairy
cows, nowcharacterizehe industry. As animal
production units grovincreasingly large and
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Animal Waste Storage Failures

The growing concerns over concentrated animal operations were highlighted when a dike around a large hog-wagste
lagoon in North Carolina failed, releasing an estimated 25 million gallons of hog waste (twice the volume of the qil
spilled by the Exxon Valdez) into nearby fields, streams, and the New River. The 8-acre earthen lagoon was buift to
allow microbes to digest the waste, and is a common form of management for confined operations. The spill kill¢d
virtually all aquatic life in the 17-mile stretch between Richlands and Jacksonville, NC.

There are approximately 6,000 confined animal operations with at least 1,000 animal units in the United States. [One
animal unit equals 1 beef animal, 0.7 dairy cow, 2.5 hogs, 18 turkeys, or 100 chickens.) Under the Clean Water |Act,
these facilities cannot discharge to waters except in the event of a 25-year/24-hour storm. This requirement necgssitates
the construction of onsite storage facilities for holding manure and runoff. In addition to these large operations,
facilities with more than 300 animal units that discharge directly to waters are required to take the same measurgs.
Regions with large numbers of animal operations containing more than 1,000 animal units include the Northern Plains
(for beef), Pacific (dairy), Corn Belt (swine), Appalachian (swine), and Southeast (broilers).

Most States are responsible for carrying out Clean Water Act regulations. A survey of livestock waste control prggrams
in 10 Midwest and Western States indicated that few States actively inspect facilities for problems, including the
integrity of storage structures (lowa Dept. Nat. Res., 1990). National estimates of broken or leaking storage facillties do
not exist. However, a North Carolina State University study estimated that wastes were leaking from half of North
Carolina’s lagoons built before 1993 (Satchell, 1996), so the problem may be widespread.

specialized, they tend to lack sufficient cropland on  Animal waste also contains pathogens that pose a

which manure can be spread. Without adequate threat to human health. Up to 150 diseases from the

cropland, larger and more sophisticated manure microorganisms in livestock waste can be contracted

handling and storage systems are required. Improper through direct contact with contaminated water,

management, equipment failure, or unusual rainstorms consumption of contaminated drinking water, or

can cause serious water quality problems. consumption of contaminated shellfish. Some
illnesses that can be contracted from animal waste

Animal waste contains a number of pollutants. Waste include cholera, tuberculosis, typhdaler,

can contain significant amounts of nitrogen and salmonella, and polio. Parasites of concern include

phosphorus. These nutrients pose the same concerns cryptosporidium and giardia.

about eutrophication and methemoglobinemia as

inorganic sources. In addition, fish and other aquatic Outbreaks of cryptosporidia, a parasite found in the

organisms may die from ammonia produced as feces of some animals and that causes gastrointestinal
manure decays, or they may suffocate due to illness, are causing growing concern over the safety
insufficient oxygen levels caused by the of water supplies imreaswith large numbers of
oxygen-demanding decomposition of organic matter cattle. This organism has been implicated in

in the manure. gastroenteritis outbreaks in Milwaukee, Wisconsin

(400,000 cases and 100 deaths in 1993) and in
Nitrogen from animal waste is an important source of Carrollton, Georgia (13,000 cases in 1987). The cost
total nitrogen loads in some parts of the country. of the Milwaukee outbreak is estimated to exceed $54
Many areas have high ratios of nitrogen from manure million (Health and Environment Digest994).
on confined animal operations to the operations’ land While the source of the organism in these outbreaks

available for spreading (see chapter MB&frient was never determined, its incidence in many dairy
Management The highest ratios of nitrogen to land  herds has brought some attention to this sector,

are found in parts of the Southeast, Delta, and especially given the proximity of dairies to population
Southwest. Studies in 16 watersheds found that centers.

manure was the largest nitrogen source in 6, primarily
in the Southeast and Mid-Atlantic States (Puckett, Salinity

1994). Irrigation return flows can carry dissolved salts, as
well as nutrients and pesticides, into aad- or
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groundwater. Dissolved salts and other minerals can
have significant impacts on surface- and groundwater
quality. Increased concentrations of naturally
occurring toxic minerals, such as selenium and boron,
can harm aquatic wildlife and degradersation
opportunities. Increased levels afissolved solids in
public drinking water supplies can increase water
treatment costdprce the development of alternative
water supplies, and reduce the lifespans of
water-uing household apjances. Increased salinity
levels in irrigation water can reduce crop yields or
damage soils so that some crops can no longer be
grown.

Dissolved salts and other minerals are an important
cause of pollution in the Southern Plains, arid
Southwest, and southern California. Total damages
from salinity in the Colorado River range from $310
million to $831 million annually, based on the
1976-85 average levels of river salinity. These
include damages to agriculture ($113-$122 million),
households ($156-$638 million), utilities ($32
million), and industry ($6-$15 million) (Lohman,
Milliken, and Dorn, 1988).

The USGS reports mixed trends of salinity in surface
water (Smith, Alexander, and Lanfear, 1993).
Measures of dissolved solids (mostly ions of calcium,
magnesium, sodium, potassium, bicarbonate, sulfate,
and chloride) indicate that water quality improved at
more stations than it worsened. However, while
salinity trends in water for domestic and industrial
purposes generally improved during the 1980'’s,
salinity worsened for irrigation purposes. Among
USGS cataloguing units (watersheds) having
significant irrigation suace-watemwithdrawals, the
percentage of stations having annual average

Groundwater Vulnerability Indexes

The groundwater vulnerability index for nitrates
(GWVIN) was developed by Kellogg and others
(1992). It is a function of soil leaching potential,
nitrate leaching potential, precipitation, and nitrogen
fertilizer use. Excess nitrogen per acre is the
difference between the amount of nitrogen from
commercial fertilizer and animal manure applied,
including credit for nitrogen fixed by previous
leguminous crops, and the amount taken up by the
crop.

The groundwater vulnerability index for pesticides
(GWVIP), also developed by Kellogg and others
(1992), is a function of soil leaching potential,
pesticide leaching potential, precipitation, and
chemical use. It is an extension of the national-leve
Soil-Pesticide Interaction Screening Procedure
(SPISP) developed by the Natural Resources
Conservation Service (Goss and Wauchope, 1990).
GWVIP does not depend on the amount of chemica
applied, but the type of chemical, its leaching
potential, and the leaching potential of the soil to
which the chemical is applied. The GWVIP can be
weighted by persistence and toxicity to further
account for potential harm to the environment.
Persistence is defined as the soil half-life. Toxicity i
defined as the acute oral toxicity to rats. Chronic
toxicity or toxicity to fish would have been preferred,
but these data are not available for most pesticides.
For further discussion of weighting for persistence
and toxicity, see chapter 3Resticides

USDA has had several programs that provide farmers
the means to adopt water quality practices, including

dissolved solids concentrations greater than 500 mg/L the Agricultural Conservation Program, Water Quality

increased during 1980-89 from 30 to 33 percent.

Reducing Loadings from Agriculture

Farmers can take many steps to reduce loadings of
agricultural pollutants to water resources. Both
structural and management practices are available to
farmers. In a study of 16 of USDA’s 242 Water
Quality Program projects, 134 different practivese
installed, nearly half of which were labeled “new and
innovative” (USDA, NRCS, 1996). Water quality
practices work by managing water and chemical
inputs more efficiently, or by controlling runoft.
Practices include pest management, nutrient
management, irrigation water management, animal
waste management, tillage management, and runoff
control (for more on practices, see chapters 4.1-4.6).
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Incertive Projects, and the Water Quality Program.
Most current programs focus on piging education,
technical, and financial assistance to farmers to get
them to adopt alternative management systems that
protect water quality. Education raises farmer
awareness not only of the potential financial and
environmental benefits of alternative practices, but
also of the link between th@ractices they implement
and local water quality. Technical and financial
assistance provide the means for a farmer to actually
try a newpractice and to acquire theilsko apply it
effectively. Failure of voluntary programs to achieve
needed changes in farming practices may increasingly
result in regulationsalready occurring in a hnumber of
States (see chapter 6\W@ater Quality Programsfor
more on Federal and State programs).
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Improvements in water quality from farmers’ efforts
to reduce pollutant loadings often take years to detect
and document. The links between improved
management and observed changes in water quality
are complex. As many as 10 consecutive years of
water quality data are needed before long-term
changes can be distinguished from short-term
fluctuations (Smith, Alexander, and Lanfear, 1993).
Phosphorus accumulated in bottom sediments will
affect water quality long after conservation practices
have dramatically reduced phosphorus loadings in
runoff. Similarly, fish, insects, and other biological
indicators of a healthy stream may not reach
acceptable levels until many years after water quality
improves and riparian habitat is restored. Aquifers
may take decades to show improvements in quality
after chemical management is improved. In most
project areas, agriculture is not the only source of
pollution.

In addition, many projects do not establish or
maintain adequate water quality monitoring for
detecting changes in water quality. National water
guality monitoring systems already in place are
inadequate for detecting changes in small watersheds
where water quality programs have generally been
targeted. For these reasons, improvements in water
guality may in fact be taking place undetected.

Costs and Benefits of Pollution Control

The assessment of policies to reduce pollution from
agricultural production requires a complete
knowledge of benefits and costswater users of
changes in water quality. Benefits and costs are
measured in terms of changes in economic welfare,
represented by consumer and producer surpluses.
Estimating the economic effects of changes in water
quality is complicated by the lack of organized
markets for environmental quality. There are no
observed prices with which to measure economic
value. A number of methods exist for deriving these
measures. One method for estimating consumer
surplus is to study an individual’s behavior in
avertng the consequences of poor environmental
quality, such as expenditures made to prevent
household damages from salinity. A second approach
is to exploit the relationship between private goods
and environmental quality (when it exists) to draw
inferences about the demand for environmental
quality. A third approach is to ask individuals to
reveal directly their willingness to pay for changes in
environmental quality.

When water quality is a factor in the production of a
market good, the benefits of changes in quality can be
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inferred from changes in variables associated with the
production of the market goodl'here are two

avenues through which benefits can be obtained. The
first is through changes in the price of the marketable
good to consumers. The second is through changes in
incomes received by owners of factor inputs. The
choice of approaches for estimating consumer and
produce welfare effects depends largely on the
availability of data and the nature of demand for

water quality.

Economists have conducted numerous studies of the
value of water quality over the years. Most of these
studies have focused on specific sites or “local” water
guality issues (Crutchfield, Feather, and Hellerstein,
1995). Relatively few studies have looked at the
costs of water pollution and the benefits of pollution
reduction on a nationwide scale, and none have
included costs to all classes of water users (table
2.2.3). However, the results of these studies indicate
that the annual benefits from improving water quality
could total tens of billions of dollars. Water quality
benefits from erosion control on cropland alone could
total over $4 billion per year (Hrubovcak, LeBlanc,
and Eakin, 1995).

Although increasing, public funds spent on nonpoint
source pollution are small cgaredwith the
expenditures on point sources. Between $80 and
$100 billion of public funding was spent on water
pollution control during the 1980’s (Ervin, 1995),
mainly to control pollutants from municipal sources.
In contrast, only $1 to $2 billion has been spent on
agricultural water quality initiatives over the last two
decades (Ervin, 1995). This spamglis much less

than the potential benefits from improved water
guality. However, an increasing amount of financial
and other resources is being directed to agricultural
nonpoint source pollution. USDA spent $194 million
on water quality-related research, education, technical
assistance, financial assistance, and dataitses in
1995. Such expenditures have doubled since 1989,
despite an overall decrease in USDA expenditures for
conservation. Farmers themselves have spent an
unknown amount on water quality practices, although
in many cases change®re made to enhance
profitability. In addition, EPA made over $65 million
in regional granawards to gtes for agricultural
nonpoint source programs in 1994-95, an increase of
50 percent over the previous 2-year period. These
funds are frequently contracted to cooperating
agencies such as local conservation districts to
support project implementation. (For more
information onwater quality programs, see chapter
6.2.)
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Table 2.2.3—National estimates of the damages from water pollution or the benefits from water pollution

control

Study/year

Estimate of:

Description

Freeman (1982)

Russell and Vaughan
(1982)

Clark et al. (1985)

Ribaudo (1986)

Nielsen and Lee
(1987)

Ribaudo (1989)

Carson and Mitchell
(1993)

Feather and

National benefits of water
pollution control

National recreational fishing
benefits from controlling
water pollution

National water quality
damages from soil erosion on
cropland

Regional and national water
quality benefits of reducing
soil erosion

National costs of groundwater
contamination

Regional and national water
quality benefits from the
Conservation Reserve Program

National benefits of surface-
water pollution control

National recreation benefits of

Total damages to recreational water uses from all forms of pollution: $1.8-
$8.7 billion, "best guess" of $4.6 bhillion (1978 dollars per year).

Total benefits of $300-$966 million, depending on level of pollution control
instituted.

Damages to all uses: $3.2-$13 billion, "best guess” of $6.1 billion (1980
dollars). Cropland’s share of erosion-related damages: $2.2 billion.

Erosion reductions from 1983 soil conservation programs implied $340
million in offsite benefits. Benefits per ton of erosion reduced were from
$0.28 to $1.50.

Monitoring costs for presence of agricultural chemicals put at $890 million-
$2.2 billion for private wells, and $14 million for public wells.

Reducing erosion via retirement of 40-45 million acres of highly erodible
cropland would generate $3.5-$4.5 billion in surface-water quality benefits
over the life of the program.

Annual household willingness to pay for maximum water quality
improvement of $205-$279 per household per year, or about $29 billion
nationally.

A total of $286 million in benefits from erosion reductions on agricultural

Hellerstein (1997) soil erosion reductions

lands since 1982, based on data from a recreation survey.

Source: USDA, ERS, based on Crutchfield, Feather, and Hellerstein, 1995; and Feather and Hellerstein, 1996.

While regulations were used to reduce point sources,

efforts to reduce nonpoint sources have primarily
relied on voluntary measures. Analysis has shown
that many of the management practices that reduce
agricultural nonpointaurce pollution are not costly
to implement, and may even increase net returns
(U.S. Congress, OTA, 1995). A highly targeted

approach that emphasizes low-cost land management

changes—and that is backed by sound science,
technical and financial support, and regulations—
would provide the best means of achieving most
water quality goals.

Author: Marc Ribaudo, (202) 501-8387
[mribaudo@econ.ag.goviContributor: Mark Smith
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Recent ERS Reports on Water Quality Issues

Accounting for the Environment in Agriculture TB-1847, October 1995 (James Hrubovcak, Michael LeBlanc, and B.
Kelly Eakin). Detailed information derived from the national income and product accounts provides the basis for
economic interpretations of changes in the Nation’s income and wealth. The effects of soil erosion on agriculturg|
productivity and income, the economic effect of decreased water quality, and depletion of water stock are presented as
examples of the potential scope of accounting adjustments needed in the agricultural sector.

USDA'’s Water Quality Program Enters its 6th YeahREI Update, 1995, No. 11 (Marc Ribaudo). Sixty-five water
quality projects were started in 1995, and 6 projects were completed at the end of 1994. Over 400 water quality
projects have been started since 1990.

Voluntary Incentives for Reducing Agricultural Nonpoint Source Water PollutioAlB-716, May 1995 (Peter Feather
and Joe Cooper). Data from the Area Studies are used to evaluate the success of existing incentive programs t¢ control
agricultural nonpoint source pollution. Because profitability drives production decisions, these programs tend to he
most successful when they promote inexpensive changes in existing practices.

The Benefits of Protecting Rural Water Quality: An Empirical AnalysiSBER-701, January 1995 (Stephen R.
Crutchfield, Peter M. Feather, and Daniel R. Hellerstein). The use of nonmarket valuation methods to estimate the
benefits of protecting or improving rural water quality from agricultural sources of pollution is explored. Two casqg
studies show how these valuation methods can be used to include water-quality benefits estimates in economic analyses
of specific policies to prevent or reduce water pollution.

Atrazine: Environmental Characteristics and Economics of ManagemekER-699, September 1994 (Marc Ribaudo
and Aziz Bouzaher). Atrazine is an important herbicide in the production of corn and other crops in the United Slates.
Recent findings indicate that elevated amounts of atrazine are running off fields and entering surface-water resoyrces.
The costs and benefits of an atrazine ban, a ban on pre-plant and pre-emergent applications, and a targeted ban|to

achieve a surface-water standard are examined.

Cotton Production and Water Quality: Economic and Environmental Effects of Pollution Prevent®BR-664,
December 1992 (Stephen Crutchfield, Marc Ribaudo, LeRoy Hansen, and Ricardo Quiroga). The most widesprefad

potential water-quality problems from cotton production are nitrate leaching and losses of pesticides to surface wgters.
Alternative policies for reducing these types of pollution are evaluated.

Estimating Water Quality Benefits: Theoretical and Methodological 1ssu€B-1808, September 1992 (Marc Ribaudd
and Daniel Hellerstein). Knowledge of the benefits and costs to water users is required for a complete assessment of
policies to create incentives for water quality-improving changes in agricultural production. A number of benefit
estimation methods are required to handle the varying nature of water quality effects.

Water Quality Benefits from the Conservation Reserve Progr#&&R-606, February 1989 (Marc Ribaudo). The
Conservation Reserve Program was estimated to generate between $3.5 and $4 billion in water quality benefits if it
achieves its original enrollment goal of 40-45 million acres. Potential benefits include lower water treatment costs,
lower sediment removal costs, less flood damage, less damage to equipment that uses water, and increased recfeational
fishing.

(Contact to obtain reports: Marc Ribaudo, (202) 501-8387 [mribaudo@econ.ag.gov])
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PRODUCTIO

N INPUTS

3.1 Nutrients

Nutrients need to be applied to most fields to maintain high
crop yield. Most nutrients applied are from commercial
fertilizer. Commercial fertilizer use in the United States has
declined from a peak in 1981 because of fewer planted acres
and stable or falling application rates. Fertilizer prices paid
by farmers were relatively stable from 1989 to 1993, but
increased dramatically in 1994 and 1995.

Contents

¢ Nutrient Sources

e Commercial Fertilizer Use and

Product Change, 1960-95
e Fertilizer Use by Region and Crop

e Factors Affecting Fertilizer Use

rops take up nutrients—primarily nitrogen (N);

phosphate (s), the oxide form of phosphorus
(P); and potash (¥0), the oxide form of potassium
(K)—from the soil as they grow (see Glossary for
more on the roles of nutrients in food and fiber
production). Plants require other nutrients than
nitrogen, phosphate, and potash, but in smaller
amounts. Magnesium, calcium, and sulphur are also
essential nutrients for plant growth and development.
Sulphur, for example, is important to plants for
protein formation. Nutrients that plants need in only
small or trace amounts (called micronutrients) include
boron, chlorine, copper, iron, manganese,
molybdenum, cobalt, sodium, and zinc. Commercial
fertilizers are applied by farmers to ensure sufficient
nutrients for high yields.

Lime is also applied to some soils as a soll
conditioner, rather than as a nutrient. Lime reduces
soil acidity (pH) so that crops can better utilize
available nutrients and micronutrients.

From the settlement of the United States until the
19th century, increased food production came almost
entirely from expanding the cropland base and mining
the nutrients in the soil. However, the expanding
demand for agricultural commodities required soil
nutrient replacement to maintain or expand crop
yields. First, manure and other farm refuse were
applied to the soils. Later, applications of manure
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were supplemented with fish, seaweed, peatmoss,
leaves, straw, leached ashes, bonemeal, and Peruvian
guano, materials that contained a higher percentage of
nitrogen, phosphate, and potash than did manure
(Wines, 1985). As manufacturing developed,
production of chemical fertilizers like

superphosphates and, later, urea and anhydrous
ammonia (see Glossary) replaced most fertilizers
produced from recycled wastes. Commercial
fertilizers provided low-cost nutrients to help realize
the yield potential of new crop varieties and hybrids
(Ibach and Williams, 1971). Since 1960, yields per
unit of land area for major crops have increased
dramatically. For example, average corn yield has
increased from 55 bushels per acre in 1960 to 139
bushels in 1994 and average wheat yield from 26 to
38 bushels per acre (fig. 3.1.1). If nutrients were not
applied, today’s crops would rapidly deplete the soil's
store of nutrients and yields would plummet.

Nutrient Sources

Commercial fertilizer is by far the major source of
applied plant nutrients in the United States, followed

by animal manure. Treated or composted municipal
and industrial wastes are applied as sources of plant
nutrients in some areas, but litdata are available

and overall use is likely limited, although increasing.
Specific aspects of these three sources of nutrients are
described in the following sections.
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Figure 3.1.1--Average corn and wheat yields
per harvested acre, 1960-95
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Source: USDA, ERS, based on Agricultural Statistics, 1994 and
earlier issues; and ERS, Agricultural Outlook, 1995.

Commercial Fertilizer

The U.S. commercial fertilizer industry is essentially
composed of three separate industries (nitrogen,
phosphate, and potash). Each has different material
and process requirements but both are horizontally
and vertically integrated (Andrilenas and Vroomen,
1990).

Anhydrous ammonia is the source of nearly all
nitrogen fertilizer. It may be applied directly to the
soil or converted into other nitrogen fertilizer such as
ammonium nitrate, urea, nitrogen solutions, synthetic
ammonium sulfate, and ammonium phosphate.
Anhydrous ammonia is synthesized through a
chemical process that combines atmospheric nitrogen
with hydrogen. Nitrogen can be obtained from the
air, but the hydrogen is derived from natural gas.

U.S. capacity to produce anhydrous ammonia and
other nitrogen fertilizers increased since 1950 in
response to rising demand. Capacity increased from
7.8 million tons in 1964 to 20 million tons in 1981,
but has declined to about 17 million tons due to plant
closures and lack of new plant construction
(International Fertilizer Development Center, 1995).
Plants built before 1960 were scattered around the
country in areas of high market demand. However,
plants built since then are located near natural gas
regions of the Delta (Mississippi, Arkansas, and
Louisiana) and the Southern Plains (Texas and
Oklahoma).
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The United States is a net importer of nitrogen. In
1995, the United States exported more than 3 million
nutrient tons of nitrogen and imported over 5 million
nutrient tons; however, imports are understated
because anhydrous ammonia artp from the former
Soviet Union are not reported by the Department of
Commerce due to a disclosure claim. The major
fertilizer import is anhydrous ammonia while the
major export is diammonium phosphate, which
contains nitrogen.

Nearly all phosphate fertilizer is produced by treating
phosphate rock with sulfuric acid to produce
phosphoric acid, which is further processed into
various phosphatic fertilizer materials such as
superphosphates and diammonium phosphates. The
United States has become the world’s largest
phosphate fertilizer exporter. Approximately 3.3 tons
of phosphate rock and about 2.8 tons of sulfuric acid
are required to produce a ton of phosphate fertilizer.
U.S. annual phosphoric acid capacity is over 14
million tons. Phosphate rock is obtained from mines
mainly in Florida and North Carolina, with annual
capacity estimated at 65 million tons.

Potash can be used as a fertilizer with less processing
or refining than nitrogen or phosphate. Most potash
deposits in the United States are located near
Carlsbad, New Mexico. However, these deposits
supply less than 10 percent of U.S. demand. Vast
potash deposits in Saskatchewan and New Brunswick,
Canada are cheaper to mine than the dwindling U.S.
reserves because of the large size, uniformity, and
high quality of the Canadian deposits, and the modern
mining techniques used. The United States currently
imports over 5 million tons of potash and over 95
percent of these ingots come from Canada. U.S.

and Canadian annual potasdpacity is about 1.6 and
13.9 million tons, respectively.

Calcium, magnesium, and sulfur are often added to
soils to correct plant conditions such as empty peanut
shells due to the failure of fruit to develop, failure of
new emerging corn leaves to unfold, yellowing
between veins of older leaves, and pale yellow or
light green leaves. Applying lime to bring soil pH

into proper range for optimum plant growth usually
supplies sufficient calcium. Primary sources of
calcium are the liming materials and gypsum, which
are considered soil amendments rather than fertilizers.
The most common source of magnesium is dolomite
limestone, which contains up to 12 percent
magnesium (Fertilizer Institute, 1982). The main
forms of sulfur in soil are inorganic sulfates and

sulfur in organic matter. Atmospheric sulfur dioxide
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had been a major source of sulfur for crops, but as
atmospheric emissions of sulfur dioxide are reduced
by environmental controls the sulfur needs of crops
must be supplied by fertilizer sources. Sulfuric acid,
a byproduct in phosphate fertilizer manufacturing,
provides an adequate amount of sulfur for many crop
needs.

Availability of micronutrients to plants is related to
soil pH. Availability of boron, copper, iron,
manganese, and zinc generallgmase as soil pH
increases from 5 to 7; availability of molybdenum
increases. Micronutrients are involved in cell
division, photosynthesis, fruit formation, carbohydrate
and water metabolism, chlorophyll formation, protein
synthesis, and seed development in plants.
Micronutrient needs during different stages of plant
growth must be better understood by both research
scientist and farmer so that appropriate amounts are
made available.

Animal Manure

Animal waste is primarily manure, but on some large
poultry operations, dead chickens are also a disposal
problem and a source of nutrients if properly
composted. In recent years, animalstes have
provided 9-24 percent of total nutrients available for
crop production (fig. 3.1.2). Actual application of
animal wastes as nutrients is less than this (table
3.1.3). Because of transportation costs, use of animal

Figure 3.1.2--Availability of nutrients for
application, 1974, 1988, and 1992
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Source: USDA, ERS, based on U.S. EPA, 1979; USDA, unpublished
data, 1977; and USDA, 1992.
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waste as fertilizer is economically feasible only if
onfarm or nearby sources exist, and thus occurs on
relatively few acres.

In 1992, there were 435 million acres of cropland, of
which 124 million or 28ercent were operated by
farmers having confined animal units. These 511,000
farms had 60.7 million animal units of beef, dairy,
swine, turkey, and poultry (Letson and Gollehon,
1996), producing an estimated 1.23, 1.32, and 1.44
million tons of economically recoverable nitrogen

(N), phosphate [@®s), and potash (¥0). Letson and
Gollehon (1996) also determined that large
specialized animal production farms produce most
animals but have little cropland. Facilities with fewer
animals produce a minor share of the animals but
have a large share of the cropland associated with
confined livestock farms. Concentration of increasing
numbers of animals on fewer farms has been a
long-term trend (see fig.1.2.7 in chapter 1.2nd
Tenurg. The significance of the shares of animals
and acres is emphasized by the fact that around 90
percent of manure does not leave the farm where it is
produced (Bosch and Napit, 1992). High-density
areas like dairy farms in southern California, beef
feedlots in the Southern Plains, large hog operations
in the Corn Belt, and the broiler belt across the Delta,
Southeast, and Appalachian States provide large
guantities of manure that is likely underused as
fertilizer. However, some areas have both high
manure nutrient densities and high fertilizer spending
per acre, suggesting redundant nutrient applications
that may be an avoidable farming expense and that
could impair water resources (Letson and Gollehon,
1996).

Environmental degradation, particularly of water, can
occur from excessive use or improper handling or
application of nutrients (Achorn and Broder, 1991;
Bosch, Fuglie, and Keim, 1994; Kanwar, Baker, and
Baker, 1988; and Kellogg, Maizel, and Goss, 1992:
see also chapter 2.%/ater Quality. Large livestock
operations are already under regulation as point
sources of pollution, requiring installation of certain
facilities and practices. In many critical areas, USDA
is helping smaller livestock operations efficiently
manage animal and commercial nutrientseiduce

their loss to the environment (for more information,
see chapter 4.5 utrient Managemenand chapter

6.2, Water Quality Programs

Municipal and Industrial Wastes

Municipal wastes include municipal solid wastes
(MSW) and sewage sludge (SS). America’s cities
generated 200 million tons of MSW 990 (Millner
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and others, 1993). MSW includes paper and Table 3.1.1—U.S. commercial fertilizer use,
paperboard, glass, metals, plastics, rubber, leather,  19g0.951

textile, wood, food wastes, yard trimmings, , _
miscellaneous inorganic wastes, and other residential, 'ear = Tol Primary nutrient use
institutional, and industrial wastes. The three major ;e 9302 mate- Nitrogen Phosphate Potash — Total*
methods for MSW disposal in 1990 were land filling rials3  (N) (P20s) (K20)

(61 percent), recoveries for recycling (17 percent),
and incineration (12 percent). SS is collected at

Million tons

o . 1960 24.9 2.7 2.6 2.2 75
municipal wastewater plants. The three major 1961 25.6 3.0 26 22 78
methods of SS disposal in 1988 were land application 1962 26.6 3.4 2.8 2.3 8.4
(36 percent), surface water disposal (10) percent, and 1963 28.8 3.9 31 25 9.5
incineration (3 percent) (the rest of SS disglds iggg g(l)-; j—g 2‘5" gg ig-g
either not regulated or unknown). Agricultural land 1966 By 53 29 30 124
application was about 27 percent. A small portion 1967 371 6.0 43 36 14.0
(about 1.2 percent) of SS was used for composting in 1968 38.7 6.8 4.4 3.8 15.0
1988. The number of municipal wastewater plants 1969 38.9 6.9 4.7 39 155
producing SS compost increased from 90 in 1983 to 1970 0.6 -5 Ak A0 161
318 in 1994 (Golstein and others, 1994). The outlets 1671 411 81 48 42 172
for SS compost are publlc'works applications; 1972 412 8.0 4.9 43 17.2
wholesale marketing to soil blenders, landscapers, and 1973 43.3 8.3 5.1 4.6 18.0
nurseries; and give-away to the public. 1974 47.1 9.2 5.1 51 19.3
1975 425 8.6 45 4.4 17.6
. : .- 1976 49.2 10.4 5.2 5.2 20.8
_The potential for agrlcultural use of mun|C|paI_ wastes 1677 516 10.6 56 58 221
is large, but a number_ of issues need resqlu_ﬂon (see 1978 475 10.0 5.1 55 20.6
box, “Potential for Agricultural Use of Municipal 1979 51.5 10.7 5.6 6.2 22.6
Wastes,” p. 111).
1980 52.8 11.4 5.4 6.2 23.1
. . 1981 54.0 11.9 5.4 6.3 23.7
Commercial Fertilizer Use and Product 1982 487 11.0 48 56 214
Change, 1960-95 1983 418 9.1 41 48 18.1
Commercial fertilizer use depends on a variety of iggg ‘518'1 ﬂé 2'3 ‘2'2 gi?
factors including soil, climate, feasible technology, 1986 4.1 104 4.2 5.1 19.7
weather, crop mix, crop rotations, technological 1987 43.0 10.2 4.0 4.8 19.1
change, government programs, and commaodity and 1988 44.5 105 41 5.0 19.6
fertilizer prices (Denbaly and Vroomen, B)9Total 1983 449 106 4.1 48 196
fertilizer use has _quctuated with plantecreage 1990 477 111 43 59 20.6
because application rates a_md percentage of acres 1991 47.3 11.3 4.2 5.0 20.5
treated have been less variable than plaatedage. 1992 48.8 115 4.2 5.0 20.7
1993 49.2 11.4 4.4 5.1 20.9
S. nitr n. oh h n h for all 1994 52.3 12.6 4.5 5.3 22.4
U.S. nitrogen, phosphate, and potash use for a 1995 50.7 11.7 4.4 5.1 21.3

purposes rose from 7.5 million nutrient tons in 1960
to a record 23'7 m|II|on tons in 1981 (table 3'1'1)' Lincludes Puerto Rico. Detailed State data shown in USDA, 1995. Fer-

Total nutrient use has dropped from this level, along tilizer statistics used in this report include commercial fertilizers and

: oTF : natural processed and dried organic materials. Purchased natural proc-
with total Crop areage, to 21.3 millionutrient tons. essed and dried organic materials historically have represented about

1 percent of total nutrient use.

H : 2 Fertilizer use estimates for 1960-84 are based on USDA data; those
Nltroge'n, 'phOSpha'Fe’ anq. pOtaSh all qonmbUted tO’ the for 1985-94 are Tennessee Valley Authority (TVA) estimates; those for
dramatic increase in fertilizer use durlng the 1960's 1995 are the Association of American Plant Food Control Officials esti-
and 1970’s (table 3.1.1, fig. 3.1.3), although nitrogen e

. . . % Includes secondary and micronutrients. Most of the difference be-
use increased most rapidly. In 1960, nitrogen use was tween primary nutrient tons and total fertilizer materials is filer material.

about 37 percent of total commercial nutrient use; by  * Totals may not add due to rounding.

1981 nitrogen use had increased 335 percent and Source: USDA, ERS, based on Tennessee Valley Authority, Commer-
! . cial Fertilizers, 1994 and earlier issues; USDA, Commercial Fertilizers,
represented over 50 percent of total commercial 1985 and earlier issues; Association of American Plant Food Control

nutrient use. Nitrogen use equaled 11.7 million tons ~ ©fficials, Commercial Fertilizers, 1995.
in 1995, or 55.2 percent ofted commercial nutrient
use. This relative gain in nitrogen use is the result of

100 AREI / Production Inputs



Figure 3.1.3--U.S. commercial fertilizer use,
1960-95
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Source: Compiled by ERS from Tennessee Valley Authority, 1994 and
earlier issues; Association of American Plant Food Control Officials, 1995.

increased farmer demand stemming primarily from
favorable crop yield responses, especially corn, to
nitrogenous fertilizers.

Phosphate’s share of total commercial nutrient use
declined from 34.5 percent in 1960 to 20.8 percent by
1995 (table 3.1.1). Potash use, historically below that
of both nitrogen and phosphate, exceeded phosphate
use for the first time in 1977 and will likely hold this
position. In 1995, potash accounted for 2de@cent

of total fertilizer use.

Fertilizer products have changed over time. In 1960,
mixed fertilizers (containing two or more nutrients)
constituted almost 63 percent ofdbfertilizer
consumption (Vroomen and Taylor, 1992). This
share declined to 37 percent in 1995. The share of
direct application materials (containing primarily one
nutrient) increased from 37 percent to 63 percent
during this period. The use of major direct-
application nitrogen materials increased through the
early 1980's (Fertilizer Institute, 1982). High-
analysis products such as anhydrous ammonia,
nitrogen solutions, and urea benefited from economies
in transportation, distribution, and storage, and from
the ease and accuracy of applying nitrogen solutions.

Directly applied phosphate fertilizer products have
declined since the early 197®gcause of the

increased use of diammonium phosphate (DAP). The
trend throughout the 1960’s and 1970’s was toward
increased use of triple superphosphates (products that
contained a higher percentage of phosphate) relative
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to normal superphosphates because of transportation,
distribution, and storage economies. Since 1979,
consumption of both normal and triple superphosphate
has declined. The use of DAP, a mixed fertilizer
containing 18 percent nitrogen and 46 percent
phosphate, has dramatically increased since the
1960’s (Tennessee Valley Authority, 1994).

The use of potassium chloride, the major directly
applied potash fertilizer containing about 60 percent
potash, has also greatly increased since the 1960's.
Total use of potassium chloride reached 5.4 million
tons in 1995, up from 389,000 tons in 1960.

Fertilizer Use by Region and Crop

The Corn Belt (Ohio, Indiana, Illinois, lowa, and
Missouri) uses more commercial fertilizer than any
other region (table 3.1.2). Corn, the most
fertilizer-using crop, historically has used and 45
percent of all fertilizer. However, from 1985 to 1993
nitrogen use in the Corn Belt decreased from 3.4 to
3.0 million tons, but then increased to 3.5 million tons
in 1994 following the 1993 flood. Nitrogen use in the
Corn Belt equaled 3.2 million tons in 1995.
Phosphate use decreased from 1.5 million tons in
1985 to 1.3 million tons in 1995 and potash use
decreased from 2.3 to 2.0 million tons. Fertilizer use
is highly dependent on soil type and condition, crop
mix, planting methods, and planted acres (Meisinger,
1984: Nelson and Huber, 1987: Mengel, 1986: Pierce
and others, 1991: Rhoads, 1991: and Scharf and
Alley, 1988). Fewer crop acres have been planted in
the Corn Belt since 1981 because of government
programs such as the Acreage Reduction Program
(ARP) and the Conservation Reserve Program (CRP).
Thus, total fertilizer use in the Corn Belt has declined
even though application rates per fertilized acre and
the proportion ofacres treated have increased since
the early 1980’s. In the areas flooded in 1993,
additional nutrients were applied in 1994 in excess of
normal application rates to replenish flood-damaged
soils. The Northern Plains region (North Dakota,
South Dakota, Nebrka, and Kansas) is the second
highest user of nitrogen and phosphate; nitrogen use
increased from 1.8 million tons in 1985 to 2.1 million
tons in 1995 (table 3.1.2).

Fertilizer use among crops differs significantly
(Vroomen and Taylor, 1992; USDA, 1995). U.S.
farmers use more commercial fertilizer on corn than
on any other crop. Nearly all acres in corn, fall
potatoes, and rice, and over three-fourths of cotton
and wheahcres receivedogne form of commercial
fertilizer (table 3.1.3). The most frequently applied
nutrient was nitrogen. In contrast, only 27-36 percent

101



Table 3.1.2—Regional commercial fertilizer use for year ending June 30, 1985-95 !

Region 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
1,000 tons
Nitrogen :
Northeast 312 278 290 278 313 306 299 328 350 376 349
Lake States 1,211 1,059 1,063 1,053 1,011 1,134 1,128 1,119 1,073 1,186 1,108
Corn Belt 3,443 3,116 2,889 2,991 3,041 3,215 3,280 3,279 3,003 3,562 3,228
Northern Plains 1,837 1,739 1,698 1,737 1,680 1,751 1,978 1,954 2,090 2,319 2,133
Appalachian 687 621 603 592 613 667 662 718 705 720 694
Southeast 720 659 665 614 643 670 627 655 682 701 640
Delta States 548 557 511 523 560 643 609 674 615 663 630
Southern Plains 1,110 965 1,022 1,204 1,217 1,117 1,223 1,192 1,235 1,377 1,208
Mountain 626 557 573 583 626 642 628 666 744 775 765
Pacific 987 860 882 924 916 921 838 849 886 953 953
u.s. total2 11,480 10,412 10,196 10,498 10,619 11,065 11,273 11,432 11,382 12,633 11,709
Phosphate :
Northeast 229 196 203 193 188 197 188 208 211 232 203
Lake States 612 509 493 505 477 508 479 468 474 465 461
Corn Belt 1,478 1,380 1,255 1,303 1,254 1,334 1,262 1,269 1,312 1,317 1,257
Northern Plains 521 498 468 486 522 550 583 577 646 649 617
Appalachian 422 378 378 370 361 381 384 409 410 412 399
Southeast 331 288 300 280 297 308 281 295 314 297 313
Delta States 180 164 132 153 154 177 154 180 172 192 197
Southern Plains 364 298 305 324 342 315 334 288 340 363 341
Mountain 232 213 218 228 253 279 255 270 296 298 300
Pacific 288 250 250 281 270 289 274 248 257 291 326
u.sS. totalz 4,652 4,173 4,003 4,123 4,119 4,339 4,195 4,212 4,431 4,517 4,412
Potash :
Northeast 288 263 253 249 232 261 262 267 262 299 280
Lake States 1,048 871 912 852 852 941 832 809 779 781 760
Corn Belt 2,264 2,165 2,020 2,126 1,974 2,132 2,044 1,987 2,034 2,133 1,996
Northern Plains 126 115 100 121 129 133 134 123 134 123 124
Appalachian 585 532 508 506 506 538 539 584 575 576 574
Southeast 607 542 524 531 558 559 517 556 581 535 563
Delta States 243 225 184 217 212 240 229 280 288 302 336
Southern Plains 169 142 133 140 149 143 150 146 168 191 168
Mountain 54 49 44 46 53 65 80 55 80 68 79
Pacific 157 137 146 171 155 179 200 220 230 252 231
U.S. totalz 5,541 5,040 4,824 4,960 4,820 5,192 4,988 5,026 5,131 5,259 5,112

1 Totals may not add due to rounding. Northeast = ME, NH, VT, MA, RI, CT, NY, NJ, PA, DE, and MD; Lake States = MI, WI, and MN; Corn Belt =
OH, IN, IL, IA, and MO; Northern Plains = ND, SD, NE, and KS; Appalachian = VA, WV, NC, KY, and TN; Southeast = SC, GA, FL, and AL; Delta
States = MS, AR, and LA; Southern Plains = OK, and TX; Mountain = MT, ID, WY, CO, NM, AZ, UT, and NV; and Pacific = WA, OR, CA, AK, and HA.
2 Excludes Puerto Rico. Detailed State data shown in USDA, 1995.

Source: USDA, ERS, based on Tennessee Valley Authority, Commercial Fertilizers, 1994 and earlier issues; The Association of American Plant Food
Control Officials, Commercial Fertilizers, 1995.

of the acres ingybeans, a nitrogen-fixing crop, dropped from 132 Ibs. per acre in 1986 to 129 Ibs. per
received commercial fertilizer applications in 1995. acre in 1995. In contrast, the average application
Nitrogen application rates have been highest for fall  rates increased for fall potatoes. The percentage of
potatoes, averaginZ?1 Ibs. per acre in 1995, various crops receiving fertilizer, and fertilizer

followed by corn (table 3.1.4). Fall potatoes also application rates, vary among the major growing

have the highest rate of both phosphate and potash  States (USDA, 1995).
applications, two to three times the rates for other
major field crops. Nitrogen application rates on corn
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Table 3.1.3—Percent of acres receiving various nutrients, selected field crops in major producing States !

Manure Commercial Sulfur Lime Micro-
Crop, year Fertilizer Nitrogen  Phosphate  Potash nutrients
Percent
Corn for grain (10 States):
1986 NA 96 95 84 76 NA NA NA
1987 16 96 96 83 75 3 2 5
1988 18 97 97 87 78 10 6 11
1989 15 97 97 84 75 8 5 11
1990 17 97 97 85 77 9 6 11
1991 19 97 97 82 73 10 4 11
1992 16 97 97 82 72 11 4 12
1993 18 97 97 82 71 10 4 11
1994 16 97 97 83 72 10 5 11
1995 14 98 97 81 72 NA NA NA
Cotton (6 States):
1986 NA 80 80 50 39 NA NA NA
1987 3 76 76 47 33 7 1 9
1988 4 80 80 54 32 15 2 18
1989 2 79 79 54 32 21 2 15
1990 4 80 79 49 31 23 2 17
1991 3 81 81 52 34 20 2 18
1992 3 80 80 48 37 22 1 18
1993 4 85 85 54 36 23 3 18
1994 3 87 86 54 37 20 4 20
1995 3 87 87 56 40 NA NA NA
Fall potatoes (11 States):
1989 4 99 98 94 83 48 7 52
1990 5 99 98 98 89 48 7 50
1991 4 99 99 98 88 52 4 56
1992 3 100 100 99 88 57 6 57
1993 4 100 100 98 91 58 6 58
1994 2 100 100 98 91 58 6 59
1995 2 100 99 98 89 NA NA NA
Rice (2 States):
1988 1 99 99 46 36 7 NA 17
1989 * 99 99 46 33 5 NA 13
1990 * 98 97 36 37 13 1 14
1991 2 99 99 30 32 NA 2 11
1992 3 98 98 34 37 10 NA 9
Soybeans, Northern (7 States):
1990 7 27 14 20 25 1 4 2
1991 6 26 14 19 22 1 4 2
1992 7 27 13 19 23 1 4 2
1993 7 26 12 18 24 1 4 2
1994 8 27 13 19 25 2 4 3
1995 5 27 16 19 23 NA NA NA
Soybeans, Southern (7 States):
1990 2 41 26 38 39 4 6 5
1991 3 37 21 33 35 1 6 3
1992 2 39 22 36 37 2 8 1
1993 2 38 22 34 36 1 6 2
1994 (AR only) 2 37 17 32 34 1 4 2
1995 2 36 21 31 33 NA NA NA
All wheat (15 States):
1986 NA 79 79 48 19 NA NA NA
1987 3 80 80 50 15 7 1 1
1988 2 83 83 53 18 6 1
1989 3 81 81 53 18 7 1 2
1990 2 79 79 52 19 7 1 2
1991 4 80 80 54 20 7 1 1
1992 3 84 83 56 18 8 1 2
1993 3 87 86 60 17 9 1 2
1994 3 87 87 59 17 10 1 2
1995 2 87 87 63 18 NA NA NA
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Table 3.1.4—Average application rates of nutrients on selected field crops in major producing States !

Commercial Commercial Commercial Sulfur Lime
Crop, year nitrogen phosphate potash
Pounds/acre Tons/acre
Corn for grain (10 States):
1986 132 61 80 NA NA
1987 132 61 85 NA NA
1988 137 63 85 11 1.9
1989 131 59 81 9 14
1990 132 60 84 11 1.6
1991 128 60 81 11 1.7
1992 127 57 79 11 1.9
1993 123 56 79 15 1.7
1994 129 57 80 12 1.7
1995 129 56 81 NA NA
Cotton (6 States):
1986 77 44 50 NA NA
1987 82 44 45 NA NA
1988 78 42 39 10 15
1989 84 43 40 23 1.3
1990 86 44 47 10 1.0
1991 91 47 48 12 1.0
1992 88 48 57 13 14
1993 89 47 58 13 1.0
1994 110 43 55 13 11
1995 95 43 51 NA NA
Fall potatoes (11 States):
1989 192 157 155 61 1.0
1990 198 163 143 57 0.9
1991 195 158 143 59 0.9
1992 200 159 147 61 0.9
1993 206 167 156 68 1.0
1994 264 192 184 82 0.9
1995 221 171 170 NA NA
Rice (2 States):
1988 127 47 50 19 NA
1989 125 45 45 17 NA
1990 114 45 49 11 1.0
1991 127 46 47 15 NA
1992 134 44 50 18 NA
Soybeans, Northern (7 States):
1990 22 47 87 9 1.6
1991 24 49 80 12 2.0
1992 20 46 76 10 2.0
1993 18 47 83 15 15
1994 24 46 83 13 1.8
1995 27 55 91 NA NA
Soybeans, Southern (7 States):
1990 28 47 70 20 11
1991 28 45 70 12 1.2
1992 27 49 74 9 1.0
1993 24 44 70 22 0.9
1994 (AR only) 34 48 66 NA 13
1995 37 51 68 NA NA
All wheat (15 States):
1986 60 36 44 NA NA
1987 62 35 43 NA NA
1988 64 37 52 12 2.2
1989 62 37 46 12 1.9
1990 59 36 44 9 1.8
1991 62 36 43 11 14
1992 63 34 39 13 14
1993 64 34 35 14 1.7
1994 67 35 38 11 1.7
1995 65 33 38 NA NA

! Data not available for manure or micronutrients. Major producing States generally account for 70-90 percent of each crop’s acreage. For States
included, see "Cropping Practices Survey" in the appendix. NA = Not available. Source: USDA, ERS, based on Cropping Practices Survey data.
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Table 3.1.5—Manure and commercial fertilizer use by tillage type on corn for grain, 10 major States,
1990-95*

Acres receiving Average application rates
Crop, year Manure ~ Commercial Commercial Commercial Commercial Commercial Commercial
nitrogen phosphate potash nitrogen phosphate potash
Percent Pounds/acre
Conventional with plow
1990 32 94 87 83 109 57 81l
1991 35 94 85 79 106 56 77
1992 37 93 84 79 106 51 73
1993 39 95 89 84 95 54 76
1994 39 92 85 80 97 49 70
1995 38 93 83 71 96 50 66
Conventional without plow
1990 14 97 85 78 138 61 84
1991 16 97 83 75 132 63 83
1992 15 97 84 74 129 58 81
1993 18 97 84 74 127 59 85
1994 16 97 84 74 133 60 84
1995 15 98 81 81 132 59 84
Mulch till
1990 16 96 81 72 134 64 87
1991 18 97 78 68 130 59 78
1992 12 96 80 69 133 58 81
1993 15 96 81 68 122 57 75
1994 13 98 83 70 129 58 79
1995 14 97 83 70 134 57 75
No till
1990 7 98 82 65 132 62 920
1991 10 98 81 67 129 59 84
1992 10 98 78 68 127 57 77
1993 10 98 83 73 122 50 71
1994 9 98 79 67 132 56 80
1995 8 98 79 65 134 56 76
Ridge fill
1990 20 100 96 49 145 32 52
1991 7 100 70 36 155 47 52
1992 6 99 96 33 143 41 50
1993 10 97 78 27 149 29 36
1994 2 99 78 38 142 37 57
1995 0 100 72 36 161 29 49

1 States include IL, IN, IA, MI, MN, MO, NE, OH, SD, and WI.
Source: USDA, ERS, based on Cropping Practices Survey data.

The percentage of and quantity of cenpes acres receiving sulfur ranging from 1 to 20 percent.
receiving lime, sulfur, and micronutrients vary by Over 50 percent of potato acres received

crop (tables 3.1.3 and 3.1.4). For example, only micronutrients.

about 1 percent of wheatres received lime in994,

while about 4 percent of northern soybeans and 6 Fertilizer use also varies by tillage system (tables
percent of fall potatoes used lime. Lime application  3.1.5-3.1.7). The Cropping Practices Survey data
rates average between 1 ana@stper acre for all indicate lower nitrogen application rates on land using

crops. Almost 60 percent of potato acres received an conventional tillage with plow for corn. These low
average of 82 pounds of sulfur in 1994. Other crops applications appear to be supplemented with manure.
received between 11 and 18 poundsgme with For example, the average nitrogen application rate on
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Table 3.1.6—Manure and commercial fertilizer use by tillage type on soybeans, 7 Northern States, 1990-95

Acres receiving Average application rates
Crop, year Manure ~ Commercial Commercial Commercial Commercial Commercial Commercial
nitrogen phosphate potash nitrogen phosphate potash
Percent Pounds/acre
Conventional with plow
1990 8 13 18 25 15 39 87
1991 10 14 18 20 31 53 86
1992 10 14 20 22 13 37 67
1993 9 12 17 22 13 43 82
1994 9 13 18 22 19 38 78
1995 3 16 14 14 11 53 80
Conventional without plow
1990 7 16 23 28 24 50 83
1991 5 16 21 25 22 48 80
1992 5 13 22 26 18 46 75
1993 7 15 23 29 18 45 81
1994 9 13 20 25 26 44 78
1995 6 16 21 26 31 60 86
Mulch till
1990 5 11 14 17 19 47 81
1991 6 13 15 17 23 46 76
1992 9 11 14 17 26 49 78
1993 7 9 12 16 15 44 84
1994 9 9 15 18 28 52 89
1995 7 13 14 16 27 57 92
No till
1990 4 18 27 42 38 53 109
1991 4 11 18 24 28 56 89
1992 9 15 21 30 20 50 85
1993 5 13 22 31 20 52 87
1994 7 15 24 32 20 48 88
1995 3 18 23 29 26 51 97
Ridge till
1990 20 12 21 30 19 48 109
1991 3 30 36 27 11 39 42
1992 8 26 21 18 26 16 5
1993 0 29 17 21 17 34 54
1994 0 36 31 27 10 20 43
1995 12 21 21 21 16 44 34

1 Northern States include IL, IN, IA, MN, MO, NE, and OH.
Source: USDA, ERS, based on Cropping Practices Survey data.

corn acreage using conventional tillage with plow was Factors Affecting Fertilizer Use
96 pounds per acre in 1995 qoaned with, say, 161
pounds for ridge-till land (table 3.1.5). However, 38  Crop Acreage
percent of conventional-till land using the moldboard  aAs indicated, with application rates fairly constant, the
plow recel'ved manure applications, compared with total amount of fertizer used has varied with crop
none for ridge-till. acreage. Acreage of principal crdmss varied over
the years, ranging from 300 million acres in 1970 to
372 million acres in 1981. Since thewreage has
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Table 3.1.7—Manure and commercial fertilizer use by tillage type on winter wheat, major States, 1991-951

Acres receiving Average application rates
Crop, year Manure ~ Commercial Commercial Commercial Commercial Commercial Commercial
nitrogen phosphate potash nitrogen phosphate potash
Percent Pounds/acre
Conventional with plow
1991 1 97 55 15 65 33 38
1992 2 94 53 13 74 34 37
1993 2 92 48 17 69 41 38
1994 1 95 63 10 63 34 61
1995 4 93 70 10 63 33 52
Conventional without plow
1991 4 85 49 23 67 40 54
1992 3 87 49 22 67 38 49
1993 2 86 49 17 64 36 46
1994 2 87 49 13 66 37 49
1995 2 87 53 15 69 36 45
Mulch till
1991 3 73 42 18 55 41 52
1992 1 71 36 16 51 33 39
1993 2 82 32 10 52 36 32
1994 4 67 25 9 55 31 43
1995 4 75 35 7 54 33 54
No till
1991 6 84 70 48 71 48 75
1992 4 96 83 54 75 49 65
1993 3 95 82 59 80 49 67
1994 2 98 83 58 83 50 65
1995 2 93 76 52 79 56 69
Ridge till
1991 nr nr nr nr nr nr nr
1992 nr nr nr nr nr nr nr
1993 nr nr nr nr nr nr nr
1994 nr nr nr nr nr nr nr
1995 nr nr nr nr nr nr nr

nr = none reported.
1 States include AR, CO, ID, IL, IN, KS, MO, MT, NE, OH, OK, OR, SD, TX, and WA in 1991 and 1992. AR and IN not surveyed in 1993-95.
Source: USDA, ERS, based on Cropping Practices Survey data.

varied between 315 million and 340 million acres. In approximately 79 and 70 million acres were planted

1994, acreage of principal cropapled equaled 324 to corn and wheat. To the extent that CRP and ARP

million acres. acreage comes back into production as a result of
contract expiration and higher crop prices, nutrient

Acreage and crop mix planted is dependent on many use could expand.

factors, including government programs, weather,

expected commodity prices, input costs, and export  Fertilizer Prices

market. Acres planted to corn and wheat greatly Fertilizer use in the United States has historically

affect fertilizer use and prices. Corn is the most been inversely related but relatively unresponsive to
fertilizer-using crop, accounting for over 45 percent of cpanges in fertilizer prices, particuiarly in the short

all use, while wheat is second at 16 percent. Planted , “Apalyses have found elasticities (the percentage
corn acreage has ranged from 60 to 85 million acres change in fertilizer use per percentage change in

over the past 30 years and planted wheat acreage hastgjjizer price) to run upwards from -0.19 in the short
ranged from 53 to 88 million acres. In 1994, run and from -0.31 in the long run (after farmers have
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Figure 3.1.4--Average farm prices of selected fertilizers, 1960-96

Nitrogen fertilizers Phosphate and potash fertilizers
Dollars/ton Dollars/ton
350 350
300 300 Diammonium phosphate'\
250 250
200 ‘ 200
Anhydrous § .2 .
150 ammonia i /‘\ J.\—.\l,,\,._/ 150
100 h—’j 100
\_

50 Nitrogen solutions 50

0 0

1960 1966 1972 1978 1984 1990 1996 1960 1966 1972 1978 1984 1990 1996

Source: USDA, ERS, based on USDA, NASS 1996 and earlier issues. See also table 3.1.8.

had adequate time to adjust operations) (Griliches, regulation. Demand for U.S. fertilizer in strong-

1958; Denbaly and Vroomen, 1993). In some major currency countries increased as the dollar weakened

Corn Belt States, the elasticities may be even less. resulting in a two-price system for U.S. fertilizer, with

One analysis of Indiana and lllinois data—using a export prices much higher than domestic prices. With

model that allowed short- and long-run substitution the end of government control in 1973, domestic

among agricultural inputs (hired labor, feeds, seeds, fertilizer prices increased over 60 percent and equaled

fertilizer, pesticides, fuels, and capital) and that world prices.

included a weather index—found elasticities of about

-0.07 for corn both in the short and in the long run Decontrol and the oil embargo brought sharp

(Fernandez-Cornejo, 1993). increases in fertilizer prices. By the spring of 1975,
farm prices of most fertilizer materials had doubled

Individual fertilizer product prices vary from year to from 1973. High prices reduced the quantity

year and substitution among products within nutrient demanded, causing fertilizer manufacturers’

groups does occur. Annual price changes among inventories to increase in 1976. Consequently, farm
products can result in different combinations of fertilizer prices fell. Prices began to rise again in
products used by farmers from year to year. 1979 following another oil embargo and as a result of
strong domestic and export demand and rapidly rising
Fertilizer purchases have historically represented production, transportation, and retailing costs. Rising

about 6 percent of total farm production costs. Total energy prices in particular were instrumental in
expenditures on fertilizer by U.S. farmers in 1994 are increasing production costs, especially for nitrogen

estimated at $9.1 billion, up 9 percent over 1993. products. Prices of most fertilizer products increased

The increase in expenditures is a combination of in 1980 and 1981 and held steady in 1982.

increased fertilizer prices, increased planted corn

acres, and increased application rates over 1993. Fertilizer prices have changed less than other

With current fertilizer prices, 1996 expenditures were agricultural inputs during the last 10 years. For

likely to have exceeded those of 1994 and 1995. example, nominal prices farmers paid for fertilizers
increased 18 percent from 1984 to 1995 whisge

Throughout the 1960’s, prices paid by farmers for rates went up 51 percent, farm machinery increased

most fertilizer products declined as growth in industry 40 percent, agricultural chemicals other than

capacity exceeded growth in demand (table 3.1.8, fig. fertilizers increased 28 percent, and seeds went up 16
3.1.4). Economic Stabilization Program regulations  percent.

froze all prices in 1971 to control inflation, including

fertilizer prices at the producer level (USDA, Farm fertilizer prices fell during 1983 and again in
1971-81). Prices were called in domestic markets  1985/86 as a record level of crop acreage was
but exported materials were not subject to price diverted, first by the payment-in-kind program (PIK)
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Table 3.1.8—Average U.S. farm prices of selected fertilizers, 1960-96

Year! Anhydrous  Nitrogen Urea  Ammonium Ammonium Super- Super- Diammonium Potassium
ammonia  solutions (45-46% nitrate sulfate phosphate  phosphate  phosphate chloride
(82% (30% nitrogen) (33% (21% (20% (44-46% (18 percent (60%
nitrogen) nitrogen) nitrogen)  nitrogen)  phosphate) phosphate) nitrogen, 46 potassium)
percent
phosphate)
Dollars per ton

1960 141 NA 117 82 58 38 79 NA 51
1961 142 NA 114 83 58 38 81 NA 52
1962 134 NA 109 82 57 38 80 NA 53
1963 128 NA 107 81 52 41 81 NA 54
1964 126 NA 106 80 53 40 81 NA 54
1965 122 NA 104 79 53 41 81 NA 54
1966 119 NA 101 77 53 41 81 NA 55
1967 113 67 99 74 54 42 84 113 54
1968 91 63 92 68 54 43 78 101 49
1969 76 54 84 62 53 44 74 94 48
1970 75 54 83 60 52 45 75 94 51
1971 79 56 82 63 52 48 77 96 58
1972 80 55 81 65 52 50 78 97 59
1973 88 58 90 71 55 54 88 109 62
1974 183 111 183 139 110 91 150 181 81
1975 265 153 244 186 148 118 214 263 102
1976 191 113 166 135 98 95 158 189 96
1977 188 122 169 141 101 99 146 180 96
1978 177 118 169 140 109 104 151 186 96
1979 171 110 170 138 118 109 161 199 107
1980 229 134 221 165 138 128 247 297 135
1981 243 141 237 185 150 134 248 287 152
1982 255 151 240 195 165 NA 230 267 155
1983 237 142 214 185 149 NA 214 249 143
1984 275 145 222 198 150 NA 229 271 145
1985 255 143 221 192 156 NA 206 244 128
1986 225 122 174 171 149 NA 190 224 111
1987 187 109 161 157 144 NA 194 220 115
1988 208 137 183 166 140 NA 222 251 157
1989 224 142 212 189 154 NA 229 256 163
1990 199 132 184 180 154 NA 201 219 155
1991 210 138 212 184 151 NA 217 235 156
1992 208 141 198 178 151 NA 206 224 150
1993 213 137 202 186 157 NA 190 199 146
1994 243 137 207 196 170 NA 212 224 146
1995 330 169 266 223 182 NA 234 263 155
1996 303 182 278 233 184 NA 258 294 153

NA = Not available.

1 April prices for 1960-76, 1986-96; all other prices are for March.

Source: USDA, ERS, based on USDA, NASS, Agricultural Prices, 1961-96.
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and later by the ARP and CRP programs and excess Figure 3.1.5--Index of prices paid by farmers
supplies (Vroomen and Taylor, 1992). Prices rose for fertilizer

steadily from 1986 to 1989. Prices of most fertilizer
materials have fallen from 1989 levels, but remained
relatively stable through 1992 (Taylor, 1994). Prices
paid by farmers for fertilizer in 1994-96 increased
over 1993 prices due to increased plartes and 200 |
other market conditions. '

1990-92=100
250

The prices U.S. farmers currently pay for many 150
fertilizer materials have risen significantly since 1993.

For example, the price of anhydrous ammonia

increased 64 percent from October 1993 to April 100
1995 to a record high of $330 per ton. Diammonium
phosphate’s price increased 37 percent over this time

period. Other fertilizer products also increased, but 50 —A —"A——+H——tt—1
not as much. Real fertilizer prices (fertilizer price 1975 1979 1983 1987 1991 1995
index adjusted by the ImpllClt price deflator of the Source: USDA, ERS, based on USDA, NASS 1995 and earlier issues.

United States) have declined from an index of 195 in

1975 to 110 in 1995 using 1990-92 as a base (fig.

3.1.5). In constant dollars, farmers paid 44 percent

less for fertilizer in 1995 than they did in 1975. occurred during a period in which both agricultural
and industrial demands have been growing and

The increase in fertilizer prices since 1993 is a result ammonium phosphate exports have risen.

of tight world supplies and increased demand. For

example, anhydrous ammonia use increased 26 Commodity Prog rams

percent from 1993 to 1994, andabnitrogen use Commodity programs can directly influence fertilizer
increased over 11 percent due to an increase in cor ,qe through planted acreage or application rates. The
acres (corr_1 uses about 45 percent of all fertilizer). U.S. Government supported crop prices for over half
Increases in planted acres of soybeans, cotton, and 5 century by lending farmers money at varying loan
rice also contributed to an increased demand for rates, using crops as collateral and guaranteeing
fertlllzer. Nitrogen application rates on corn _ minimum crop prices (target prices set by law).
mcrea_sed from 123 to 129 pounds per acre in 1994-95\yhan market prices of commodity program crops
following the 1993 flood; phosphate and potash were lower than target prices, participating farmers
application rates also increased. In addition, weather ., id receive from the Government deficiency
conditions were ideal for the direct application of _ payments for crops planted to baszeage.

anhydrous ammonia. There was also an increase in - peficiency payments were the difference between the
nonagricultural demand for nitrogen in products SUCh 446t price and the higher of the loan rate or average
as adhesives, plastics, resins, and rubber. During et price. Participation in commodity programs
1995, U.S. fertilizer exports increased over 1994 provided farmers with a more stable farm economy
because of China’s increased demand for over time; however, participation also required some
diammonium phosphate and other fertilizer products. 544 to be idled (CRP and ARP programs). Data
from the 1991 and 1992 Cropping Practices Survey
were analyzed to determine if economic incentives
from participation in commodity programs caused
program participants to apply fertilizers at greater
rates than nonparticipants (Ribaudo and Shoemaker,
1995). Fertilizer and agricultural chemical use
between corn grower program participants and
nonparticipants were analyzed. The results of that
study suggest that economic conditions created by
commodity programs increased fertilizer application
rates on corn. Future fertilizer use is uncertain. If
farm and trade policy continues to provide farmers
with more acreage flexibility and freer market

On the supply side, several factors placed upward
pressure on fertilizer prices during 1994 and 1995,
including higher priced imports from the former

Soviet Union, unscheduled repairs that caused plant
closings, low inventories, and an explosion that
temporarily closed a large nitrogen production plant.
The United States is a net importer of ammonia.

Since 1990, U.S. ammonia demand has exceeded U.S
supplies while nitrogen plants have been producing in
excess of 100 percent capacity. Theseofadbave
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Potential for Agricultural Use of Municipal Wastes

Many urban areas in the United States have an urgent need for a long-term environmentally safe method for recycling
and disposal of municipal wastes. Currently the number of landfills is limited and new landfills that meet EPA
standards for protecting the environment are costly. Municipal wastes contain nutrients and organic matter and gther
soil conditioners that can be used for agriculture which could mitigate urban waste disposal problems and their
economic costs. The fertilizer-equivalent value to U.S. farmers of municipal solid wastes (MSW) is about $378 njillion
and sewage sludge (SS) is about $72 million. Nutrients from the wastes could reduce dependence on commercial
fertilizer from limited supplies of mineral and energy resources. Wastes are being used in the horticultural industy;
greater use in agriculture would contribute to the long-term sustainability of agricultural production.

One promising way to use municipal wastes is through composting, a microbiological process that partially decorpposes
organic wastes through the growth and activity of bacteria, actinomycete, and fungi that are indigenous to the ofganic

wastes. The process reduces the weight and volume of the waste while abating odors, destroying pathogens, afd
converting nutrients to more plant available forms.

Issues

Technical, economic, and public perception issues hinder agricultural use of municipal wastes. Research is underway to
provide better information. Technical issues to be resolved include: (1) uncertainty about the quality of municipal
wastes because of heterogeneity and range in chemical and physical characteristics of wastes; (2) concern abouf the fate
and effects of trace elements, synthetic organics and pathogens in wastes on soils, plants, animals and humans;| (3)
uncertainty about application methods and levels of waste applied to agricultural or horticultural production systems to
minimize damage to the environment, such as the accumulation of non-nutrient heavy metals in soils; and (4)
inadequate information on blending, mixing, or co-composting different wastes to produce final products with desjrable
characteristics for agricultural or horticultural use.

Economic issues include: (1) uncertainty about the fertilizer equivalent and soil-conditioning value of municipal wastes;
(2) economic application to land; (3) the extent to which municipalities may need to subsidize waste transportation
expenses to make its use economically feasible in agricultural production. Public perception issues include the need to
show that agricultural use of municipal wastes is environmentally safe and does not pose a human health risk.

Sources: USDA, ERS, based on ARS, 1993; Goldstein and others, 1994; and EPA, 1993.

conditions, fertilizer use could increase as more acres readily moves with the soil water. Nitrate that is

come into production. At the same time, possible applied in the fall when no crop is planted or when
declines in commodity prices could reduce the plant uptake is minimal has greater potential of
demand for fertilizer. moving with the soil water from the soil to
groundwater, streams, and impoundments. Otherwise,
Increased Nutrient Management it denitrifies and passes to the atmosphere as gas.

Effective timing of split fertilizer application during
the crop-growing season and the use of nitrification
inhibitors can reduce nitrate leaching and
denitrification and improve crop nutrient uptake.

g Efforts to improve nitrogen efficiency will require
better synchronization between soil nitrogen
availability and crop nitrogen requirements.

Over 1,400 counties contain areas where groundwater
is susceptible to contamination from agricultural
pesticides or fertilizers (National Research Council,
1989). States including California, Florida, lowa,
Nebraga, New York, and Wisconsin have develope
strategies for dealing with agriculturally induced
groundwater contamination. Contamination is

prevalent in areas with sandy soils, which are highly

porous. In some of these areas, restrictions have beerf* Wide variety of nitrogen fertilizer formulations are
placed on fall applications of nitrogen-based available to producers to accommodate various times,

fertilizers. Applications are restricted either under rates, and methods of application. Additional nitrogen

certain weather conditions or during certain time management m?y be rzquwed tiﬂm'”'m'ze
periods. In ammonium form, nitrogen is fairly contamination of groundwater. Management systems

immobile in soil. Under most conditions. however that hold promise include the use of satellite imagery
ammonium is converted biologically to nitrate, which O Global Positioning Systems and grid farming,
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which allow nitrogen management by soil variation
rather than by field. For more discussion of nutrient
management, see chapter 4.5.

Author: Harold Taylor, (202) 219-0476
[htaylor@econ.ag.gov].
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Recent ERS Reports on Nutrient Issues
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Vesterby). The United States is a major exporter of phosphate and nitrogen fertilizer products and a major impo

ter of

potash. The value of fertilizer exports has varied from $3.0 billion in 1991 to $1.8 billion in 1993. Data are repoited

by region and country.

Pesticide and Fertilizer Use and Trends in U.S. AgricultuER-717, May 1995 (Biing-Hwan Lin, Merritt Padagitt,
Len Bull, Herman Delvo, David Shank, and Harold Taylor). Pesticides and fertilizer contribute to increased

risks. Nitrogen, phosphate, and potash all shared in the dramatic increase in fertilizer use, but the relative use o

productivity in agriculture, but their use is also associated with potential human health, wildlife, and environment1
1981.

nitrogen increased much more rapidly from 37 percent of total nutrient use in 1960 to more than 50 percent sinc

Chemical Use PracticeRTD Update, July 1994, No. 2 (Harold Taylor, Biing-Hwan Lin, and Herman Delvo).
Chemical application timing and methods varied considerably among the major field crops. Fertilizer was more
frequently applied before planting to corn, soybeans, and winter wheat, at planting to durum and spring wheat, ar
planting to cotton and fall potatoes. Herbicides were most frequently applied after planting to most crops except
cotton. Area and State-level data are for corn; upland cotton; fall potatoes; soybeans; and winter, spring, and du
wheat.

Fertilizer Use and Price StatisticsSB-893, Sept. 1994 (Harold Taylor). The rapid growth in fertilizer consumption
throughout the 1960’s and 1970’s peaked at 23.7 million nutrient tons in 1981. Use remained relatively stable, ra

d after
upland
rum

Anging

from 19.1 to 21.8 million tons during 1984-93. Fertilizer prices vary by product and year, but the fertilizer price index

was less during the late 1980’s and early 1990's than in 1982. Area and State data are for corn, cotton, soybea
wheat from 1964-1993, and total U.S. consumption data are from 1960 to 1993.

(Contact to obtain reports: Harold Taylor, (202) 219-0476 [htaglecon.ag.gov])
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Glossary

Ammonium nitrate: A prilled or granulated product containing not less than 33 percent nitrogen, one half of which
the ammonium form and one half in the nitrate form.

Ammonium sulfate: Soluble in water and contains 21 percent nitrogen and 24 percent sulphur. It is usually made £
treating bauxite with sulfuric acid. It is applied to western soils to make them less alkaline.

Anhydrous ammonia A colorless, pungent gas containing 82.25 percent nitrogen and 17.75 percent hydrogen, whi
be liquefied and transported at normal temperatures in high-pressure cylinder tanks, and injected under pressure i
soil or mixed with irrigation water.

Available nutrients: That part of fertilizer supplied to the plant that can be taken up by the plant.
Blended fertilizer: A mechanical mixture of two or more fertilizer materials.

Diammonium phosphate(DAP): A product made from wet process phosphoric acid and ammonia containing 18 pe
nitrogen and 46 percent phosphate.

Economically recoverable manure The excreta of animals (dung and urine) mixed with straw or other materials tha
be economically recovered and used as a fertilizer.

Guano: Partially decomposed excrements of birds, bats, seals, or other animals.
Inorganic fertilizers : Fertilizer materials in which carbon is not an essential component of its basic chemical structu

Lime: A soil conditioner consisting essentially of calcium carbonate, calcium oxide, calcium hydroxide, magnesium
carbonate, magnesium oxide, or a combination of these capable of neutralizing soil acidity.

Micronutrients: Boron, chlorine, cobalt, copper, iron, manganese, molybdenum, sodium, and ziare needed only in
small amounts. They contribute to cell division, photosynthesis, fruit formation, carbohydrate and water metabolisr
chlorophyll formation, protein synthesis, and seed development.

Mixed fertilizers: Two or more fertilizer materials mixed or granulated together into individual pellets.

Muriate of potash (potassium chloride) A potash salt of hydrochloric acid (muriatic acid) containing 60-62 percent
soluble potash.

Natural organic fertilizers: Materials derived from either plant or animal products containing one or more elements
than carbon, hydrogen, and oxygen) essential for plant growth.

from a mixture of urea and ammonium nitrate and contain 28-32 percent nitrogen.
Primary Nutrients:

nitrate, and nitrogen solutions.

Phosphate (B0s), the oxide form of phosphorus (P)is vital to plant growth playing a key role in photosynthesis,
An adequate level of phosphate provides rapid, extensive growth of young plant roots. Principal forms of phosp
fertilizer are normal and superphosphate, and diammonium phosphate.

Potash (K20), the oxide form of potassium (K) activates many enzyme systems in the plant and helps the plant
hardness, and disease resistance. It stops stalks from lodging, preventing a decrease in crop yields. Principal
potash fertilizer are potassium chloride, potassium sulfate, and potassium nitrate.

Secondary Nutrients: Calcium, magnesium, and sulfuare essential to plant growth in lesser quantity than nitrogen,
phosphate, and potash but in greater quantity than micronutrients.

Sewage sludgeSolids removed from sewage by screening, sedimentation, chemical precipitation, or bacterial diges

contains more than 22 percent but less than 40 percent phosphoric acid. Concentrated or triple superphosphate @
more than 40 percent phosphoric acid.

pressure and containing not less than 45 percent nitrogen.
SourcesfFarm Chemical Handbook 98/eister Publishing Company, 1993; Fertilizer Institute, 1982.

Sodium nitrate: Sodium salt of nitric acid containing not less than 16 percent nitrate nitrogen and 26 percent sodium.

Superphosphate Products obtained when rock phosphate is treated with either sulfuric acid or phosphoric acid or a
mixture of these acids. Normal superphosphate contains up to 22 percent phosphoric acid. Enriched superphosphate
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%
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Nitrogen solutions Solutions of nitrogen fertilizer chemicals in water. Urea ammonium nitrate (UAN) solutions are made

Nitrogen (N) is an essential element in the production of food protein by the plants and in the conversion of carbon
dioxide in the air and water into carbohydrates through photosynthesis. It also is essential for vigorous plant growth
and for obtaining high crop yields. Principal forms of nitrogen fertilizer are anhydrous ammonia, urea, ammonium

respiration, energy storage and transfer, cell division, cell enlargement, genetic coding, and many other plant processes.

hate

use

water more efficiently with less loss. It is essential for varied process-photosynthesis rates, product formation, winter

forms of

tion.

ontains

Urea: A white crystalline or granular solid synthesized from ammonia and carbon dioxide under high temperature and
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PRODUCTIO

N INPUTS

3.2 Pesticides

Pesticides have been the fastest growing agricultural
production input in the post-World War 1l era, and have
contributed to the relatively high productivity levels of U.S.
agriculture. Agricultural production and storage account
for about 75 percent of total U.S. pesticide use.

Herbicides and insecticides account for most pesticide

use, but the recent increase in pounds of pesticide used is
mostly for fungicides and other pesticide products applied
to high-valued crops. In recent years, agricultural
pesticide expenses have increased about 5.5 percent each
year, keeping pace with farm production expenses in
general. Pesticides have remained about 4 percent of total
production expenses during the 1990’s and about
one-third of the manufactured inputs (fuels, fertilizers, and

pesticides).

Contents

e Pesticide Use on Major Crops

¢ Indicators of Potential Pesticide Impact or Risk. . . 122

e Factors Affecting Pesticide Use

pproximately $7.5 billion per year is spent in the

United States on agricultural pesticides (USDA,
ERS, Aug. 1996). Herbicides account for about
two-thirds of the agricultural expenditures for
pesticides while insecticides account for about
one-fifth (Aspelin, 1994). (See "Glossary" for
definitions of terms.)

Pesticide use has engendered concerns about health
risks from residues on food and in drinking water and
about the exposure of farmworkers wheninmgxand
applying pesticides or working in treated fields.
Pesticide use has also raised concerns about impacts
on wildlife and sensitive ecosystems.

Pesticide use has conventionally been measured in
pounds of active ingredients applied and atrested.
These measurements are useful for assessing the
adoption and intensity of pesticide use, making
relative comparisons of use between commodities or
production regions, and analyzing the cost of

116

pesticides as a production input. These
measurements, however, do not account for changes
in the pesticide attributes over time or safety features
associated with their use and application. New
products and the related changes in intensity of
treatment, rather than treatment ofléidnal acres,

now account for most pesticide use changes. Product
formulation has changed in order to lessen
environmental and human health effects, to reduce the
development of pesticide-resistant pests, and to
provide more cost-effective pest control. Efforts to
account for changing risk and productivity in
aggregate measures of pesticide use are underway.
This chapter reports traditional measures of pesticide
use—acres treated and pounds applied—as well as
new indicators that attempt to account for some
pesticide attributes—toxicity and persistence—that
may affect human and environmental health.
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Table 3.2.1—Overall pesticide use on selected U.S. crops by pesticide type, 1964-1995 !

Commodities 1964 1966 1971 1976 1982 1990 1991 1992 1993 1994 1995
1,000 pounds of active ingredients

Herbicides 48,158 79,384 175,668 341,390 430,345 344,638 335,177 350,534 323,510 350,449 323,791

Insecticides 123,304 119,240 127,709 131,730 82,651 57,392 52,828 60,047 58,096 67,896 69,599

Fungicides 22,167 23,237 29,308 26,632 25,219 27,762 29,439 34,922 36,583 43,059 44,804

Other pesticide 21,379 18,747 31,710 30,741 34,232 67,900 79,451 90,019 97,810 129,639 127,445

Total on selected crops 215,008 240,608 364,395 530,493 572,448 497,693 496,895 535,522 515,999 591,044 565,639
1,000 cropland acres

Area represented 174,552 175,040 190,638 233,221 255,866 228,508 226,021 231,531 226,586 232,804 227,855
Total cropland used 335,000 332,000 340,000 340,800 383,000 341,000 337,000 338,000 330,000 338,500 338,000
for crops
Pounds of active ingredient per planted acre

Herbicides 0.276 0.454 0.921 1.464 1.682 1.508 1.483 1514 1.428 1.505 1421
Insecticides 0.706 0.681 0.670 0.565 0.323 0.251 0.234 0.259 0.256 0.292 0.305
Fungicides 0.127 0.133 0.154 0.114 0.099 0.121 0.130 0.151 0.161 0.185 0.197
Other pesticides 0.122 0.107 0.166 0.127 0.134 0.297 0.352 0.389 0.432 0.557 0.559

Total on selected crops 1.232 1.375 1.911 2.275 2.237 2.178 2.198 2.313 2.277 2.539 2.482

Percent of crop

area represented 52 53 56 68 67 67 67 69 69 69 67

1 Estimates include corn, soybeans, wheat, cotton, potatoes, other vegetables, citrus fruit, apples, and other fruit.
2 Share of total for the selected crops to total cropland used for crops.
Source: USDA, ERS, AER-717 (prior to 1993); unpublished USDA survey data (following 1993).

Pesticide Use on Major Crops changes in plantegcreageinfestation levels,
adoption of new products, and other factors. An
estimated 565 million pounds of pesticidesre
applied to major field crops and most fruits and

Synthetic pesticides were initially developed for
commercial agricultural use in the late 1940’s and
1950’s and were widely adopted by the mid-1970's.
USDAs benchmark surveys of pesticide use by
farmers show that the quantities applied to major field
crops, fruits, and vegetables first peaked in 1982 (fig.
3.2.1 and table 3.2.1). The crops included in the . . .
surveys—corn, cotton, soybeans, wheat, fall potatoes, F'9ure 3.-2.1--Total pesticide use on major
other vegetables, citrus, apples, and other fruit— crops, 1964-95

account for about 67 percenttbe current cropland Million pounds of a.i. Share of total pounds
used for crops. Pesticide use on these crops grew  ;qg
from 215 million pounds in 1964 to 572 million I
pounds in 1982. This increase can be attributed to 600
three factors: increased planteztemge, greater |
proportion ofacres trated with pesticides, and higher

Fungicides

500 Other pesticides | 23%

application rates per treatadre. (Moredetail on 400 8%
proportions of acres treated, application rates, and , Insecticides 120
pest management practices can be found in chapter 300
4.4, Pest Management f
200 Herbicides 57%
Pesticide use declined between the 1982 and 1990
benchmark surveys as commodity prices fell and large 190
amounts of land were taken out of production by 0
Federal programs. '64 '66 '71 '76 '82 '90 '91 '92 '93 '94 '95
Includes corn, cotton, soybeans, wheat, potatoes, other vegetables,
Since 1990, total quantities of pesticides have citrus, and apples, and other fruit (about 67 percent of U.S. cropland).
generally increased, but continue to fluctuate with Source: USDA, ERS estimates.
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Figure 3.2.2--Amount of pesticide applied
and acres treated, 1995
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vegetables in 1995, up J#rcent from 1990.
Contributing to the increased use was an expanded
use of soil fumigants, defoliants, and fungicides on
potatoes; expanded cottanreage; more intensive
insecticide treatments of cotton and potatoes; and an
increased share of wheat acresitied with herbicides
(table 3.2.2). During the same period, the total
amount of pesticides applied to corn and soybeans
was either unchanged or declined. In 1995, corn
received more than double the pesticide amount of
any other U.S. crop (fig. 3.2.2). Among the major

crops, however, pesticide quantity per acre was by far

greatest on fall potatoes.

Herbicides Herbicides are the largest pesticide class,

accounting for 5percent of ponds of active
ingredients in 1995 (table 3.2.1). Weeds compete
with crops for water, nutrients, and sunlight, and

cause reduced yields. Producers, in managing weeds,

must consider infestation levels; weed species
resistant to specific ingredients; the effectreatment
on following crops; control of soil weesked

populations; and the labor requirement, cost, and risk

of using cultivation or other mechanical methods of
weed control. Since 1990, herbicide use has
remained relatively unchanged—between 324 million
and 350 million pounds (table 3.2.1).

Although many herbicide active ingredients are used
in agriculture, a relative few account for most of the
use. Atrazine, 2,4-D, and dicamba, all widely used
for more than 30 yearstilkaccount for the largest
treated acreage amg major field crops (table 3.2.3,
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fig. 3.2.3). Atrazine, which remains active in the soll
throughout most of the growing season, is used to
control many types of weeds in corn and sorghum.
The herbicide 2,4-D has been widely used on wheat
and corn, and moreecertly used on soybeans as a
preplant application with no-till. Trifluralin, another
ingredient available 30 years ago, continues to be the
leading herbicide used on cotton and is still widely
used on soybeans and many vegetable crops. Since
the availability of imazethapyr and some other
imidazalinone and sulfonyurea products in the 1980s,
trifluralin use, especially on soybeans, has declined.

Insecticides Insecticides accounted for 12 percent of
the total quantity of pesticides applied in 1995 to the
surveyed crops (fig. 3.2.1). Damaging insect
populations can vary annually depending on weather,
pest cycles, cultural practices such as crop rotation
and destruction of previous crop residues, and other
factors. Insecticide use includes both preventative
treatments, which are applied before infestation levels
are known, and intervention treatments, which are

Figure 3.2.3--Acres treated with commonly
used herbicides, 1995
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Source: USDA, ERS 1995 Cropping Practices Survey data.
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Table 3.2.2—Estimated quantity of pesticide active ingredient applied to selected U.S. crops, 1964-95

1

Commodities 1964 1966 1971 1876 1982 1990 1991 1992 1993 1994 1995
1,000 pounds of herbicides
Corn 25,476 45970 101,060 207,061 243,409 217,500 210,200 224,363 201,997 215,636 186,314
Cotton 4,628 6,526 19,610 18,312 20,748 21,114 26,032 25,773 23,567 28,565 32,873
Wheat 9,178 8,247 11,622 21,879 19,524 16,641 13,561 17,387 18,304 20,708 20,054
Sorghum 1,966 4,031 11,538 15,719 15,738 13,485 14,156 na na na na
Rice 2,559 2,819 7,985 8,507 14,089 16,139 16,092 17,665 na na na
Soybeans 4,208 10,409 36,519 81,063 133,240 74,400 69,931 67,358 64,092 69,257 68,126
Peanuts 2,894 2,899 4,374 3,366 4,927 4,070 4,510 na na na na
Potatoes 1,297 2,220 2,178 1,764 1,636 2,361 2,547 2,152 2,504 2,866 2,894
Other vegetables 2,194 3,488 3,361 5,419 4,345 4,916 4,712 5,850 5,741 6,137 6,119
Citrus 207 353 546 4,756 6,289 5,652 6,076 5,545 5,086 4,793 4,665
Apples 278 389 156 575 649 396 429 419 445 605 767
Other fruit 692 1,782 615 560 504 1,659 1,690 1,687 1,774 1,882 1,978
1,000 pounds of insecticides
Corn 15,668 23,629 25,531 31,979 30,102 23,200 23,036 20,866 18,479 17,349 14,956
Cotton 78,022 64,900 73,357 64,139 19,201 13,583 8,159 15,307 15,429 23,882 30,039
Wheat 891 876 1,712 7,236 2,853 970 208 1,153 152 2,031 910
Sorghum 788 767 5,729 4,604 2,559 1,085 1,140 na na na na
Rice 284 312 946 508 565 161 309 178 na na na
Soybeans 4,997 3,217 5,621 7,866 11,621 0 445 359 346 203 515
Peanuts 5,518 5,529 5,993 2,439 1,035 1,726 1,913 na na na na
Potatoes 1,456 2,972 2,770 3,261 3,776 3,591 3,597 3,514 3,943 4,459 3,109
Other vegetables 8,290 8,163 8,269 5,671 4,465 4,709 4,466 5,482 5,305 5,591 5,573
Citrus 1,425 2,858 3,049 4,604 5,306 2,811 3,977 4,538 5,271 5,110 5,143
Apples 10,828 8,494 4,831 3,613 3,312 3,691 4,013 3,909 4,150 3,846 3,564
Other fruit 1,727 4,131 2,569 3,361 2,016 4,837 4,928 4,919 5,023 5,424 5,789
1,000 pounds of fungicides
Corn 0 0 0 20 69 0 0 0 0 0 19
Cotton 171 376 220 49 200 988 701 785 684 1,065 1,045
Wheat 0 0 0 862 1,088 172 73 1,154 688 1,012 500
Sorghum 0 0 0 0 0 0 0 na na na na
Rice 0 0 0 0 80 194 426 388 na na na
Soybeans 0 0 0 176 71 0 0 85 0 45 13
Peanuts 1,106 1,108 4,431 6,834 4,739 7,321 8,114 6,725 na na na
Potatoes 3,229 3,531 4,124 4,168 4,031 2,808 3,172 3,616 4,369 6,358 7,973
Other vegetables 4,530 4,093 5,667 5,051 6,692 12,917 13,126 17,260 18,715 21,880 21,810
Citrus 4,929 4,056 9,257 5,897 4,881 2,555 3,598 3,429 3,322 3,582 4,019
Apples 7,750 8,496 7,207 6,489 5,667 4,177 4,544 4,377 4,599 4,627 4,680
Other fruit 1,558 2,685 2,833 3,921 2,520 4,146 4,224 4,216 4,206 4,491 4,745
1,000 pounds of other pesticides
Corn 76 546 443 483 130 0 0 0 0 0 0
Cotton 12,431 14,207 18,696 12,682 9,347 15,188 15,457 15,781 12,658 15,616 19,733
Wheat 0 47 245 0 0 0 0 0 0 0 0
Sorghum 0 40 0 266 44 0 0 na na na na
Rice 0 0 0 0 17 0 0 109 na na na
Soybeans 0 49 52 2,030 2,430 0 0 0 0 0 0
Peanuts 6,990 7,005 471 1,188 1,627 2,364 2,620 na na na na
Potatoes 91 9 6,397 8,576 15,188 35,069 45,626 49,671 157,494 79,809 72,928
Other vegetables 5,819 569 3,435 5,061 6,206 17,283 17,998 24,189 27,516 33,400 33,293
Citrus 1,539 681 1,280 214 7 10 15 31 49 108 179
Apples 1,037 1,079 548 574 421 73 73 66 65 79 93
Other fruit 386 1,560 614 1,120 504 276 282 281 27 627 1,221
1,000 pounds of all pesticide types
Corn 41,220 70,145 127,034 239,543 273,710 240,700 233,235 245,229 220,476 232,985 201,289
Cotton 95,252 86,009 111,883 95,182 49,497 50,873 50,349 57,646 52,338 69,128 83,689
Wheat 10,069 9,170 13,579 29,977 23,465 17,782 13,842 19,694 19,144 23,751 21,464
Sorghum 2,754 4,838 17,267 20,589 18,341 14,570 15,296 na na na na
Rice 2,843 3,131 8,931 9,015 14,751 16,494 16,827 18,340 na na na
Soybeans 9,205 13,675 42,192 91,135 147,362 74,400 70,376 67,802 64,438 69,505 68,655
Peanuts 16,509 16,541 15,268 13,827 12,327 15,482 17,157 na na na na
Potatoes 6,073 8,732 15,470 17,769 24,631 43,830 54,942 58,953 68,309 93,492 86,904
Other vegetables 20,833 16,313 20,732 21,202 21,707 39,824 40,302 52,781 57,277 67,008 66,795
Citrus 8,100 7,948 14,132 15,471 16,483 11,028 13,666 13,544 13,729 13,594 14,006
Apples 19,893 18,458 12,742 11,251 10,049 8,337 9,059 8,771 9,260 9,157 9,104
Other fruit 4,364 10,158 6,631 8,963 5,544 10,919 11,123 11,103 11,030 12,424 13,734

T Estimates are constructed for the total U.S. acreage of the selected commodities. In years when the surveys did not include all states producing
the crop, the estimates assume similar use rates for those States. Petroleum distillates are excluded. Source: USDA, ERS, AER-717 (prior to 1993),
and unpublished USDA survey data following 1993.
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Table 3.2.3—Herbicide active ingredients used on field crops, major producing States, 1990-95
Active ingredient 1990 1991 1992 1993 1994 1995

1,000 pounds

Atrazine 45,144 44,439 46,203 41,878 45,586 38,611
Metolachlor 36,834 42,473 42,188 41,411 46,787 37,142
Cyanazine 22,024 24,118 27,238 27,367 29,519 24,066
Acetochlor 0 0 0 0 7,314 22,586
Trifluralin 17,892 18,426 16,585 13,975 13,722 13,392
Pendimethalin 8,779 10,595 11,303 12,685 13,702 16,024
2,4-D 9,055 6,800 7,753 10,962 12,207 12,266
Alachlor 41,476 45,992 45,146 36,561 27,270 11,144
EPTC 28,671 15,222 11,269 11,881 7,473 8,238
Glyphosate 1,963 3,048 2,606 5,809 6,491 8,117
Dicamba 4,488 3,803 5,307 5,051 7,098 6,139
Bentazon 4,910 3,889 4,414 3,969 4,959 4,364
MCPA 2,496 2,286 2,608 2,447 2,971 3,030
Butylate 10,510 5,975 5,979 3,850 2,117 1,609
Metribuzin 2,959 2,537 1,975 2,003 1,773 1,498
Imazethapyr 290 649 764 918 1,083 1,329
Sethoxydim 397 483 546 468 588 625
Imazaquin 607 541 589 617 758 564
Chlorimuron-ethyl 199 173 139 143 129 118
Other herbicides? 40,173 35,297 33,682 33,336 27,207 27,105

All herbicides 264,050 254,154 253,742 244,070 257,754 237,967

1,000 acres treated

Atrazine 37,513 39,485 43,509 39,037 42,909 36,130
2,4-D 23,831 18,929 22,353 29,866 32,340 31,549
Dicamba 17,735 15,886 22,197 22,367 28,487 24,875
Imazethapyr 5,328 11,679 14,321 16,214 19,425 22,837
Metolachlor 19,539 22,307 22,617 22,078 24,328 19,452
Trifluralin 23,556 23,089 21,425 18,367 18,146 17,064
Pendimethalin 9,123 11,437 13,216 13,788 14,450 16,412
Glyphosate 3,626 5,962 6,043 11,848 12,911 14,971
Cyanazine 13,206 14,164 15,724 14,531 15,150 12,414
Acetochlor 0 0 0 0 4,103 11,284
MCPA 7,220 6,852 7,884 7,670 8,547 8,038
Bentazon 8,146 6,629 7,656 6,246 8,038 7,070
Chlorimuron-ethyl 8,339 7,509 7,461 7,232 6,787 6,633
Imazaquin 5,262 5,771 6,623 6,322 7,794 6,353
Alachlor 21,044 22,535 22,307 17,744 13,766 6,348
Metribuzin 8,924 7,706 6,705 6,437 5,811 5,892
Sethoxydim 2,255 2,643 3,079 2,591 3,228 3,532
EPTC 6,504 3,684 2,634 2,988 1,855 2,137
Butylate 2,715 1,564 1,439 1,021 630 465

1 Represents planted area of corn (10 States), soybeans (8 States), cotton (6 States), winter wheat (11 States), spring and durum wheat (4 States),
and fall potatoes (11 States). For States included, see "Cropping Practices Survey" in the appendix. For these crops, the area represented in 1995
was about 165 million acres, 75 percent of total planted acres of these crops.

2 Total pounds of all other herbicides used. No single ingredient in any year exceeded 5 million pounds.
Source: USDA, ERS, Cropping Practices Surveys, 1990 to 1995.
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based on monitored infestation levels and expected
crop damages. While the quantity of insecticides
applied has increased in recent years, the amount is
down significantly from the 1960’s and early 1970’s
(table 3.2.1). The drop from earlier years is primarily

Figure 3.2.4--Acres treated with commonly used
insecticides, 1995

due to the replacement of organochlorine insecticides, Chlorpyrifos
used prior the 1970’s, with other insecticides that can  wethyl parathion
be applied at much lower rates. The 69.4 million Terbufos
pounds of insecticide applied in 1995 was about half Tefluthrin
the quantity used in 1976 and earlier years. Since Permethrin
1990, insecticide use has declined on corn (with fewer Lamdacyhalothrin
acres treated) but increased on cotton (with expanded Carbofuran
area and more intensive treatments per acre) (table Dimethoate
3.2.2). Aldicarb

Acephate
Three insecticide active ingredients (chlorpyrifos, Oxamyl
methyl parathion, and terbufos) account for 43 Profenofos Il con
percent of insecticides used on the five major field Thiodicarb [T [ Soybean
crops (fig. 3.2.4, table 3.2.4). Chlorpyrifos was the Phorate ] wheat
most used insecticide on corn, second most used on Bt Cotton
wheat, and applied to 9 percent of the cotioreage. Bifenthrin [ Potatoes
It is used to treat corn rootworm larvae, cutworms, Cyfluthrin
Russian wheat aphid, and bollworms. Methyl Dicrotophos
parathion is used mthg on cotton to treat boll weevil Imidacloprid
and other cotton insects while terbufos is used for Esfenvalerate
corn insects. Methomyl

0 1 2 3 4 5 6 7

Fungicides Fungicides are applied to fewatres Millon acres

than are herbicides and insecticides and account for
the smallest share of total pesticide use (table 3.2.1).
Fungicides are mostly used on fruits and vegetables to
control diseases that affect the health of the plant or
quality and appearance of fruit. The 44.6lioni ripening, to aid mechanical harvesting, to defoliate
pounds estimated for 1995 is up 21 percent from plants before harvest, and to alter other plant

1993 and 61 percent from 1990. A large share of this functions to improve quality or yield. Fumigants,
increase is attributed to diseases on potatoes and othenormally applied at very high application rates, are
vegetables. Several common fungicides used to treat used mostly on vegetable root crops susceptible to
potatoes for early and late blight (chlorothalonil, damage from soil nematodes and other soll
mancozeb, metalaxyl, and copper hydroxide) had a 40 organisms. Fumigants and some desiccants, with
to 400 percent increase in use otfes period. Some application rates that often exceed 200-300 pounds
cotton and wheat acres are treated for diseases, but per acre, account for most of the quignof

these treatments account for only a small share of pesticides in this class but only a small share of the

Source: USDA, ERS 1995 Cropping Practices Survey data.

total fungicide use. area treated. Small changes in the use of such
products, when averaged with other products applied
Other pesticidesPesticides designated as "other," at only a few pounds or less per acre, can grossly
which include soil fumigants, growth regulators, affect the significance of the overall change in
desiccants, and harvest aids, had the largesdse pesticide use. USDA reports (NASS, 1991-96) show

in use of any of the pesticide classes (table 3.2.1, fig. that the increase of 3 fumigants (methyl bromide,
3.2.1). The use of these pesticides, whose function is metam sodium, and dichloropropene) account for
not necessarily to destroy a pest organism, increased most of the increase in pesticide quantigtween
about 17 percent each year since 1990 and accounts 1990 and 1995 but were applied to a relatively small
for about 23percent of the total pounds all active share of the acres.

ingredients applied to the surveyed crops. Growth

regulators, desiccants, and harvest aids, normally

applied at low rates, are used to affect the branching

structure of plants, to control the time of maturity or
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Table 3.2.4—Insecticide active ingredients used on field crops, major producing States, 1990-1994

Active ingredient 19902 1991 1992 1993 1994 1995
1,000 pounds

Chlorpyrifos 5511 7,141 6,382 6,242 6,370 5,933
Methyl parathion 531 2,421 3,837 4,794 7,429 5,996
Terbufos 8,831 5,331 5,528 4571 4,290 3,268
Phorate 2,787 2,531 2,005 2,549 2,127 1,830
Profenofos . 322 1,276 1,326 1,875 1,742
Carbofuran 1,773 1,803 1,207 720 748 1,290
Aldicarb 44 559 564 637 938 1,140
Fonofos 2,652 2,888 2,121 1,837 1,628 844
Methomyl 0 183 269 382 240 580
Dimethoate 165 307 483 639 619 484
Esfenvalerate 18 73 81 47 56 302
Permethrin 104 318 185 146 274 247
Carbaryl 255 164 131 56 186 218
Other insecticides3 4,620 7,999 8,910 8,922 12,045 11,313

All insecticides 26,705 30,567 31,271 31,107 36,341 35,187

1,000 acres treated

Chlorpyrifos 4,467 6,468 6,340 5,835 6,457 5,753
Methyl parathion 1,255 3,104 3,834 3,964 5,078 4,881
Terbufos 7,847 4,855 5,083 4,293 4,050 3,139
Permethrin 812 2,826 1,598 1,190 2,459 2,226
Carbofuran 1,751 2,030 1,371 863 1,082 1,825
Aldicarb 17 1,033 1,030 1,164 1,532 1,784
Profenofos 363 993 1,227 1,532 2,400 1,543
Phorate 1,918 1,638 1,550 1,981 1,810 1,513
Dimethoate 576 989 1,674 1,276 2,016 1,504
Esfenvalerate 345 1,560 1,228 703 773 1,011
Methomyl 0 636 723 778 613 1,077
Fonofos 2,569 2,646 1,789 1,813 1,504 895
Carbaryl 370 370 176 73 167 137

1 Represents planted area of corn (10 States), soybeans (8 States), cotton (6 States), winter wheat (11 States), spring and durum wheat (4 States),
and fall potatoes (11 States). For States included, see "Cropping Practices Survey" in the appendix. For these crops, the area represented in 1995
was about 165 million acres, 75 percent of total planted acres of these crops.

2 Does not include insecticides applied to cotton.
3 Total pounds of all other herbicides used. No single ingredient in any year exceeded 1 million pounds.
Source: USDA, ERS, Cropping Practices Surveys, 1990 to 1995.

Indicators of Potential Pesticide Impact or Risk widely between active ingredients, but many modern
pesticides have half-lives (the typical measure of
persistence) of 10-100 days in the fields where they
are applied. This is significantly less than some
organochlorine products banned from use in the
1970's, which had half-lives as high as 30 years.

Pesticide use in the United States, as traditionally
reported in pounds of active ingredient applied,
reached a record level in 1994 (table 3.2.1).
However, pesticide weight, as a measure of use, has
two particularly notable drawbacks when evaluating
the potential for harm to human health and the
environment. First, the more than 350 pesticide
active ingredients used in U.S. agricultural production
in the last 40 years vary widely in terms of toxicity
per unit of weight, irrespective of the scale used to ! There are numerous measures of toxicity for individual pesticide
measure toxicitgl_ Second, weight does not account active ingredients, including those designed to measure chronic and
for the persisience of the pesticide in the envronment, 2% DXEIY o T, S s Yoo e et
The. longer a pesticide mgredl_ent remains a(.:tlve in the ingredient varies depending upon which measure is used; for a
environment, the more potential there is for it to come given measure, there is wide variation in toxicity among pesticide

in contact with non-target species. Persistence varies ingredients.

Many new pesticide ingredients are applied at lower
rates (in ounces rather than pounds pee)aand are
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less persistent in the environment. In addition, many
(formerly) widely used, but highly toxic and
persistent, ingredients have been restricted or banned
by the Environmental Protection Agency. In order to
account for these differences in exposure @aneity,
adjustment factors were used to convert historic
pesticide-use data (published in terms of pounds
applied) into indicators of risk that are more
meaningful with respect to potential environmental or
health impacts. The adjustment creates a common
denominator that accounts for variation in toxicity and
persistence among individual pesticide ingredients.
Thus, the amount of each pesticide active ingredient
applied is aggregated in common units that are
consistent across time, regions, pesticide types,
toxicity, and persistence. Other researchers have
created indexes using related methodology to make

Figure 3.2.5--Comparison of indicators of
pesticide use and risk

Million pounds

700, Quantity of active ingredients
600| \ /
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400/ chronic toxicity index
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assessments of aggregate changes in pesticide toxicity

(Kovach and others, 1992; Levitan and others, 1995).

The potential risk indicators are based on indexes of
the combined toxicity and persistenceeaich

individual ingredient. (See box, "Estimating Pesticide
Impact or Risk.") The indexes ateeated by
calculating the number of units (Reference Dose or
LD50) contained in 1 pound of each pesticide active
ingredient and multiplying that value by the estimated
number of days (as measured by half-life) that an
application of the ingredient remains active in the
environment. The calculated index value for each
ingredient can be multiplied by the pounds applied
and then summed over all ingredients to obtain an
aggregate indicator of potential risk.

The analysis first compares pounds of active
ingredient applied, then compares two potential risk
indicators (table 3.2.5). Both of the risk indicators

Source: USDA, ERS, based on USDA, 1960; USDA, 1968;
USDA, 1974; Gianessi, 1995.

potential chronic risk from the 1992 pesticides was
actually less than the risk from the pesticides applied
in 1964 (fig 3.2.5). Much of the reduction in the
potential chronic risk indicator reflects the removal of
many organochlorine insecticides, such as aldrin,
DDT, chlordane, and toxaphene.

Even with the ban on highly toxic and persistent
organochlorine insecticides and other reductions in
use, insecticides continue to account for most of the
potential risk (table 3.2.5). Insecticides accounted for
about 92 percent dhe total potential acute risk and
more than half of the total potential chronic risk in
1992. While the total potential risk associated with
herbicides and fungicides increased 7 to 8 times over

adjust for persistence, but each employs an alternative the 28-year time period, these pesticide classes still

measure of toxicity. An indicator of potential chronic
risk is based on Reference Dose, which is a measure
of long-term (chronic) toxicity. An indicator of
potential acute risk is based on the Oral LD50, and
measures acute toxicity associated with ingestion of
the pesticide.

For most consumers, chronic intake through food and
water is the principal health concern stemming from
pesticide use in agriculture. A health-risk measure,
based on Reference Dose, was chosen to represent
this long-term risk to health. The acute measure,
based on LD50, is of more interest to farmers,
farmworkers, and pesticide applicators who are more
prone to acute exposure.

While the total pounds of active ingredients applied in
1992 was up 247 percent from 1964, the total
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accounted for under 20 percent of the total potential
chronic risk and 5 percent tie total potential acute
risk in 1992. The potential chronic risk from all other
classified pesticides—mostly soil fumigants—
increased aliut 75percent in this period and
accounted for over 30 percent of the total potential
chronic risks in 1992.

The results also suggest that when toxicity is defined
in acute terms, potential risk from pesticide
application may be slightly greater in 1992 than it
was in 1964. The acute measure may be most
meaningful to farmers, pesticide applicators, and
farmworkers, all of whom have higher probaies of
acute exposure. However, the Environmental
Protection Agency and State agencies have instituted
a number of farmworker safety regulations (protective
clothing, enclosed application systems, field re-entry
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Estimating Pesticide Impact or Risk

Impact or risk from pesticides can be estimated from some combination of toxicity and exposure factors.
Ideally, procedures and estimated measurements used to account for the potential environmental and humgn-
health impacts of pesticide applications would include factors related to mobility of pesticides, persistence i
the environment, exposure route (proportion of pesticide likely to enter the air, run off in surface water, ad-
here to sediment, percolate into ground water, and remain as residue on food), togaiy t6 many

species, and size of the populations potentially subject to exposure. Toxicity varies by species, and varies
depending upon whether the exposure is chronic or acute. Likewise, persistence is not an inherent charac-
teristic of a pesticide active ingredient, but varies with temperature, moisture, and exposure to sunlight and
to microbial degradation. Further, the data generally available on persistence are for the first soil half-life,
which itself is but one indicator of persistence, and are not necessarily equal to subsequent half-lives. The
amount of pesticide in runoff, leachate, and soil particles depends not only on the amount of rainfall, but its
intensity and the interval between pesticide application and the occurrence of the rain. Each of these factois
is occurrence-specific.

A system capable of accounting for all of these factors cannot be realistically constructed, especially for
large areas. Data requirements would be prohibitive, and the relevance of the measure would be site-spe-
cific, unsuitable for analysis of trends on a national scale. Even if the volume of data could be modeled ang
managed, measures of relevant attributes do not exist for many of the more than 350 pesticide active ingredli-
ents that have been used as inputs to agricultural production over the past several decades.

The risk indicators reported here are a simplified calculation of pesticide risk, developed to be workable for
analysis of historical trends at the national level. Other researchers have created indexes using related meth-
ods to conduct pesticide impact assessments for other purposes, relying on less aggregate analysis (Kovach
and others, 1992; Levitan and others, 1995). By necessity, many relevant environmental and safety factors|
are not taken into account in the estimates reported here making these indicators less than ideal. Neverthg
less, these risk indicators are superior to the information contained in data on pounds applied or acres
treated. To emphasize the abstraction of this indicator from variation that exists in the real world, we view
the indicators as a measure of the “potential” impact from pesticide use.

The Chronic risk index was created by combining Reference Dose as the indicator of chronic toxicity and
soil half-life as an indicator of potential exposure. Use of Reference Dose implies that the units relate to hu
man health, and may not necessarily be useful indicators of potential impact on other species. For active
ingredients for which it was available, the EPA’s Reference Dose measure was used. If that measure was
not available, a Reference Dose estimate from the Office of Pesticide Programs (EPA), characterized by leq
rigorous review, was substituted. Lacking either of those indicators of toxicity for some active ingredients,
estimates reported by the World Health Organization were used. Averages for the active ingredient’'s chem
cal family were used in other cases. Using Reference Dose does not take into account carcinogenic
potential that is built into other health measures from the EPA, such as health advisory levels and maximunp
contaminate levels. These latter measures are available only for a very limited number of active ingredientg,
however.

)

The soil half-life measures are taken from databases constructed by the Agricultural Research Service. As
such, the indicators for each active ingredient are midpoints of the range of soil half-lives reported in the lit-
erature, which in turn are based on estimates derived under a variety of soil, moisture, and temperature
conditions.

The acute risk index was created by combining an Oral LD50 measure of toxicity and the same soil half-life
measure of potential exposure. Where available, the Oral LD50 for rats was used. For some active ingred
ents, this measure was not available, and an Oral LD50 for a related mammal, usually mice, was substitutef.
This procedure is less than ideal in that acute toxicity varies widely among species. No adjustment was
made to translate the rat LD50 into human terms. The Oral LD50 is a severe threshold, implying the inges;
tion of an amount of active ingredient sufficient to kill 50 percent of the treated animals. Such a severe
level of exposure is unlikely in reality. Despite its limitation, Oral LD50 for rats or related mammals should
provide a relative indicator of risk to humans and other species from acute exposure. EPA has developed
less severe indicators in the form of 1- and 10-day health advisory levels, but they are available only for a
limited number of active ingredients.
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Table 3.2.5—Indicators of pesticide use and risk on major crops, selected years 1964-92

Pesticide type Measures? 1964 1966 1971 1992
Percent of total pesticides
Herbicides pounds a.i. 23.58 34.26 49.83 67.30
chronic risk indicator 0.21 0.27 0.93 15.26
acute risk indicator 0.77 1.40 1.85 4.93
Insecticides pounds a.i. 55.07 47.74 34.52 10.13
chronic risk indicator 97.72 97.97 95.45 54.04
acute risk indicator 91.32 94.82 88.84 91.76
Fungicides pounds a.i. 9.33 8.49 774 6.57
chronic risk indicator 0.05 0.06 0.08 2.95
acute risk indicator 0.01 0.03 0.02 0.09
Other pesticides pounds a.i. 12.02 9.50 7.91 16.00
chronic risk indicator 2.02 1.70 3.53 30.75
acute risk indicator 7.89 3.75 9.29 3.22
Index: 1964 = 100
Herbicides: pounds a.i. 100 159 362 706
chronic risk indicator 100 163 344 838
acute risk indicator 100 145 283 705
Insecticides: pounds a.i. 100 95 107 45
chronic risk indicator 100 125 75 5
acute risk indicator 100 382 115 111
Fungicides: pounds a.i. 100 100 142 174
chronic risk indicator 100 133 120 648
acute risk indicator 100 179 160 744
Other pesticides: pounds a.i. 100 87 113 329
chronic risk indicator 100 105 134 173
acute risk indicator 100 38 139 45
Total pesticides: pounds a.i. 100 109 171 247
chronic risk indicator 100 125 76 11
acute risk indicator 100 80 118 110

1 Estimates include corn, soybeans, wheat, cotton, sorghum, rice, peanuts, potatoes, other vegetables, citrus, and apples. See table 3.2.2
for pesticide quantities. 2See glossary for definitions. Source: USDA, ERS, preliminary estimates.

intervals, and training) to reduce farmworkers’ losses, and even abandoned production was still ever-
exposure to pesticides. present.
Factors Affecting Pesticide Use Between 1950 and 1980, chemical pest control was

widely adopted on most crops (table 3.2.2). Public
and private research introduced new pesticides (and
other innovations) that could increase yields and
substitute for some farm labor, machinery, and fuel.
Higher prices for energy and other manufactured
inputs along with rising wage rates promoted this
trend. By 1980, herbicide use climbed toward 100
percent of the acreage of corn, soybeangpepand
many other crops. Insecticides and other pesticides
were also widely used.

Prior to the development of synthetic pesticides
following World War Il, a farmer’s dation to weed,
insect, and disease problems was primarily the use of
physical and cultural practices. Weeds were
controlled by tillage, mowing, site selection, crop
rotation, use of seeds free of weedseeds, and hoeing
or pulling by hand. Insect pests and diseases were
controlled through seed selection, crop rotations,
adjustment of planting dates, and other cultural
practices, but the risk of severe infestations, yield
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Although the adoption of pesticides as a crop 1992; and Oskam and others, 1992). That is, the
production technology was nearly complete by the percentage change in quianbf pesticide use is
mid 1970’s, many factors continue to affect the use of relatively less than the percentage change in the price

pesticides. Changes in planted acres or shifts in of pesticides. Given the evidence that pesticide
production between commodities and regions can demand is relatively unresponsive to pesticide price
affect the number of acres treated and applied changes, along with relatively small annual pesticide

guantities. Pest cycles and annual fluctuations causedprice changes over the last sevemdrs, we would

by weather and other environmental conditions often expect that pesticide use, in general, has been largely
determine whether infestation levels reach treatment unaffected by prices.

thresholds. Changes in pesticide regulations, prices,

new products, and pest resistance to pesticides also While overall pesticide use may not be very

affect the producer’s selection of active ingredients,  responsive to small price changes, individual product

application rates, and methods of treatment. (See use can vary from year to year. When different

chapter 4.4Pest Managemeribr more information.) pesticide products are perfect or near-perfect
substitutes, small price changes can result in

Federal Agricultural Prog rams significant changes in the mix of products used as

farmers attempt to maximize profits. Pesticide prices,
as measured by the agricultural chemicals price index,
increased 2-5 percent annually from 1991 to 1995
(table 3.2.6). In total over the 1991-95 period,
herbicide prices increased about 12 peredrite
fungicide prices rose nearly 16 percent, and
insecticide prices showed a 19-percent increase.
Fungicide prices, which ranged from a 2-percent
annual decline (1993-94) to a 7-percent annual
increase (1994-95), were the most variable.

Federal commodity and conservation programs
provide mixed incentives to both increase and
decrease pesticidese. Acreage restrictions and
set-aside provisions in past commodity programs and
the Conservation Reserve Program reduced planted
acreage and, hence, pesticide use on thossthat
otherwise would have been in production. Pesticide
use dropped in 1983 with the large feedgraireage
idled under the payment-in-kind program (PIK) and
has subsequently paralleled other major changes in
planted areage (Aspelin, 199. On the other hand,
Federal programs can provide incentives to increase
pesticide use on the land that is not set asilben
planted areage wasonstrained and price
expectations included program payments, producers
tended to substitute nonland inputs, including
fertilizer and pesticide, to boost yields and capture
higher returns on their eligible planted acreage.
Participants in Federal comitity programs used

Reflecting the price changes and increased use,
pesticide expenditures for all farm uses increased
about 2 to 7 percent annually over 1991-95 (USDA,
Aug. 1996). Pesticide costs per acre for cotton,
soybeans, and wheat remained relatively unchanged
between 1991 and 1995, but the pesticide costs for
corn increased aloit 4 percent eacyear. Pesticide
costs for corn edged over $25 per acre in 1994,

higher nitrogen fertilizer and herbicide application accounting for 1percent of total fixed and variable

rates than producers who did not participate (Ribaudo €aSh production expenses. Pesticide expenditures on
and Shoemaker, 1995). cotton, with the largest cost for insecticides, were

about $50 per acre and accounted fopégent of
cash production expenses. Pesticide costs on

+ soybeans ($24 per acre) accounted for 13 percent of
cash production expenses while costs on wheat ($6
per acre) accounted for 8 percent.

The Federal Agriculture Improvement and Reform
Act of 1996 removes the link between income suppor
payments and current farm production and will likely
remove maost incentives for producers to substitute
yield increasing inputs pexcre of panted land.
However, producers’ greater planting flexibility could
lead to increased pesticide use as idled land returns to
production. Prducers are now permitted to plant 100
percent of their total baser@age jus additional

acreage to any crop (with some exceptions for fruits
and vegetables) without loss céderal subsidy.

Index numbers are useful aggregate measures for
monitoring price changes, but indexes can mask
movements in individual components of the index.
Common pesticide active ingredients showed different
price trends between 1991 and 1995 (table 3.2.6).
These price changes typically reflect shifts in factors
such as cost of manufacturing and distribution, price
of competing products, patent protection, and planted

Pesticide Prices
acreage of the treated crop.

Aggregate pesticide use is negatively related, but

(Fernandez-Cornejo, 1992; Mcintosh and Williams,  phorate had price increases of 25 percent or more.
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Table 3.2.6—Selected April pesticide prices, 1991-1995

Active ingredient

1991

1992

1993

1994

1995

1991-92 1992-93 1993-94 1994-95 1991-95

Dollars per pound of active ingredient

Annual percent change

Insecticides:
Aldicarb 22.20 na 22.07 24.67 24.33 na na 11.8 -1.4 9.6
Carbaryl 4.44 4.95 5.36 5.41 5.74 115 8.3 0.9 6.0 29.3
Carbofuran 10.40 10.87 12.20 12.80 12.73 4.5 12.3 4.9 -0.5 22.4
Chlorpyrifos 10.65 11.30 12.03 12.10 12.33 6.1 6.4 0.6 1.9 15.7
Dimethoate na 11.12 11.05 9.70 10.11 na -0.7 -12.2 4.2
Esfenvalerate 187.88 192.42 200.00 210.61 219.70 2.4 3.9 5.3 4.3 16.9
Methomyl 21.44 21.60 22.43 24.14 24.36 0.8 3.8 7.6 0.9 13.7
Methyl parathion 5.10 5.35 5.83 5.98 6.83 4.9 8.9 2.6 14.2 33.8
Permethrin 45.94 46.88 48.13 47.81 48.13 2.0 2.7 -0.6 0.7 4.8
Phorate 7.80 8.05 8.80 9.15 9.90 3.2 9.3 4.0 8.2 26.9

Fungicides:
Benomyl 31.60 32.60 34.00 35.80 36.00 3.2 4.3 5.3 0.6 13.9
Captan 5.12 5.74 5.96 6.16 6.62 12.1 3.8 34 75 29.3
Chlorothalonil 7.30 8.04 8.63 8.67 8.75 10.2 7.4 0.4 1.0 19.9
Iprodione 40.40 43.60 45.60 46.60 46.00 7.9 4.6 2.2 -1.3 13.9
Mancozeb 3.54 3.79 3.94 3.87 4.01 7.3 3.7 -1.6 3.7 135
Maneb 3.13 na 3.24 3.16 3.38 na na -2.3 6.7 8.0
Metalaxyl 74.50 74.00 76.50 81.00 85.00 -0.7 34 5.9 4.9 14.1
Sulfur 0.73 0.69 0.53 0.39 0.37 -4.3 -24.2 -26.0 5.4 -49.3
Triadimefon 108.40 100.00 11240 115.60 120.20 -71.7 12.4 2.8 4.0 10.9
Ziram 3.24 na 3.61 3.70 3.66 na na 2.6 -1.1 13.0

Herbicides:
2,4-D 2.83 2.93 3.20 3.38 3.55 35 9.4 55 5.2 25.7
Alachlor 6.15 6.35 6.45 6.48 7.03 3.3 1.6 0.4 85 14.2
Atrazine na 2.88 3.15 3.45 3.60 na 9.6 9.5 4.3
Bentazon 15.38 15.75 16.40 16.98 18.28 2.4 4.1 35 7.7 18.9
Chlorimuron 1139.20 1145.60 1152.00 1171.20 1184.00 0.6 0.6 1.7 1.1 3.9
Cyanazine 5.65 5.83 5.95 6.55 7.08 3.1 2.1 10.1 8.0 25.2
Dicamba 17.45 18.18 19.48 19.40 21.88 4.2 7.2 -04 12.8 25.4
Glyphosate 13.85 na 13.03 13.40 13.53 na na 2.9 0.9 -2.3
Imazaquin 134.67 135.33 137.33  140.67 142.67 0.5 1.5 2.4 1.4 5.9
MCPA 3.25 3.25 3.65 3.68 3.98 0.0 12.3 0.7 8.2 22.3
Metolachlor 7.49 7.69 7.79 7.85 8.46 2.7 1.3 0.8 7.8 13.0
Metribuzin 31.73 32.67 34.27 36.27 36.67 29 4.9 5.8 1.1 15.5
Pendimethalin 8.85 9.27 9.24 9.12 8.76 4.8 -0.3 -1.3 -4.0 -1.0
Sethoxydim 82.00 76.67 75.33 76.00 74.67 -6.5 -1.7 0.9 -1.8 -8.9
Trifluralin 7.50 8.00 8.08 8.13 8.20 6.7 0.9 0.6 0.9 9.3

Agricultural chemicals price 101 103 107 112 115 2.0 3.9 4.7 2.7 13.9
index (1990-92 = 100)
Herbicides 101 102 106 110 113 1.0 3.9 3.8 2.7 11.9
Insecticides 101 104 110 117 120 3.0 5.8 6.4 2.6 18.8
Fungicides & others 101 105 111 109 117 4.0 5.7 -1.8 7.3 15.8

na = not available.
Source: USDA, ERS, based on NASS farm supply dealers annual survey.
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These latter three insecticides are widely used on corn
as well as several minor fruit and vegetable crops. Pesticide Tolerance and Dietary
Most fungicide prices rose over 10 percent, while Risks

captan and chlorothalonil increased more than 20
percent. Both captan and chlorothalonil are used

. ) The F lity Protection Act of 1 t
extensively on fruit, vegetable, and nut crops such as e Food Quality Protection Act of 1996 sets a

consistent safety standard for pesticide use on

apples (captan) and peanuts (chlorothalonil) while all foods, and for all health risks. Under the
sulfur (which dropped in price) is hevapplied to new law, both fresh and processed foods may
grapes. contain chemical residues at tolerance levels

that have been determined to be safe by the
Among herbicides, the price of sethoxydim dropped EPA. Previously, the largely unenforced "De-
while those for 2,4-D, atrazine, cyanazine, dicamba, laney Clause” of the Federal Food, Drug, and
and MCPA rose. With the exception of MCPA, which Cosmetic Act prohibited processed foods, but
is used primarily on wheat and barley, the herbicides not fresh foods, from containing even trace

amounts of carcinogenic chemical residues.
The new law contains provisions that "ensure
that there is reasonable certainty that no harm
will result to infants and children from aggre-
gate exposure." The EPA is required to

with the greatest price increases were extensively
used in corn production. However, 2,4-D and
dicamba are also used on pasture and wheat land;
atrazine is healy used on corn and sorghum; and

cyanazine is a major cotton herbicide. reassess existing tolerances of all pesticides

o o within 10 years, with priority given to pesti-
Pesticide Legislation cides that may pose the greatest risk to public
The U.S. Environmental Protectidwency (EPA) health.

registers pesticides and ensures they are safe. The

) ! . USDA’ ticid itoring by the Agricul-
Food Quality Protection Act of 1996 defines safe for D PEZUBElS IPETIY S/ 110 aEE

tural Marketing Service (AMS) measures

dietary consumption products as "a reasonable residues on both domestic and imported sam-
certainty that no harm will result from aggregate ples of fresh fruits and vegetables common in
exposure" including food, drinking water, and the diets of the U.S. population. The AMS
nonoccupational exposures. Under the Federal monitoring is used not only to respond to food
Insecticide, Fungicide, and Rodenticide Act (FIFRA) safety concerns but also to provide the EPA
and its amendments, the EPA decides which with data to assess the actual dietary risk posed
pesticides are registered and prescribes labeling and by pesticides. Without actual exposure data,
other regulatory requirements on their use to prevent the pesticide registration process assumes all

producers apply maximum allowable amounts.
This assumed maximum risk may significantly
exceed actual risk and jeopardize the registra-
tion process for products important to

unreasonable adverse effects on health and the
environment. EPA also regulates pesticides under the
Federal Food, Drug, and Cosmetic Act (FFDCA),

which requires that tolerances for residues on food agricultural production. Some pesticide resi-
and drlnklng water be established. These tolerances dues were found on 71 percent of the samples
are enforced through monitoring and inspections in 1993 and 46 percent of the samples in 1994;
conducted by the Food and Drug Administration and however, few exceeded established tolerance
USDA. (See box, “Pesticide Tolerance and Dietary levels (USDA, AMS, 1996). Of 7,589 samples
Risks.") analyzed in 1994, 4 residue samples exceeded
established tolerance and 88 samples had resi-
The Clean Air Act (1970), Clean Water Act (1972), dues where no tolerance was established. Even

though the use of DDT has been banned since
1972, 5.5 percent of the 1994 detections were
for DDT or its metabolites. Once applied,

DDT is slow to degrade in the soil and can con-
tinue to occur on crops grown in that soil. The

Resource Conservation and Recovery Act (1976), and
the Comprehensive Environmental Response,
Compensation, and Liability Act (1980) (or
Superfund) also contain provisions that apply to

pesticide manufacturers that affect their cost of DDT residues were found primarily in root
production. The Clean Air Act mandates discharge crops and none exceeded tolerance levels. On
limits on pollutants, RCRA specifies how to dispose samples where any pesticide residue was de-
of toxic substances, and the Superfund stipulates who tected, 38 percent were from postharvest

pays for the cleanup of toxic dump sites. All of these pesticide products normally applied to produce
regulatory requirements affect the development time to prevent spoilage during storage and transpor-
and cost of pesticide production. Recent estimates tation.

suggest that the research and development of a new
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pesticide takes 11 years and can cost manufacturers
between $50 and $70 million (Ollinger and
Fernandez-Cornejo, 1995). Results of a study of the
impact of pesticide product regulation on innovation

supporting registrations remain current. The new law
mandates a screening program for estrogenic and
other endocrine or synergistic effects and sets a goal
for all pesticides to be reviewed and updated on a

and the market structure in the U.S. pesticide industry 15-year cycle. The registration and re-registration

indicate that regulation encourages the development
of less toxic pesticide materials but discourages new
chemical registrations, encourages firms to abandon
pesticide registrations for minor crops, and favors
large firms over smaller ones. Pesticide regulation
also encourages firms to develop biological pesticides
as an alternative to chemical pesticides (Ollinger and
Fernandez-Cornejo, 1995).

States are also active in regulating pesticide use. In
1996, most States had some regulations related to

process also prescribes those commodities on which
the pesticides can be used, at what concentration they
can be applied, when and how they are to be applied,
and what safety precautions are to be used during and
after application. Table 3.2.7 identifies some of the
key regulatory action taken against agricultural
pesticides and gives the status of special reviews
being conducted for reregistration.

The EPA is currently conducting a special review of
triazine herbicides (atram, cyanazine, and

pesticide use in agriculture and/or lawn care, and over simazine). In 1995, the manufacturers of cyanazine

half have groundwater laws, gilng requirements,
and pesticide reporting regulations (Meister
Publishing, 1996). Over a third of the States had
health advisory levels, containment regulations, and
bulk chemical regulations, and 13 States had
requirements for reporting pesticide illnesses.

The majority of States also have pesticide registration

fees, many of which have increased in the last several

years. Nine States tax pesticide products or have
other special taxes (Meister Publishing, 1996) that
have been used to fund research on pesticide
alternatives. For example, the Leopold Center for
Sustainable Agriculture, which conducts research on
environmentally friendly alternatives, is partially
supported from a tax on pesticide and fertilizer sales.

Pesticide Registrations

The EPA registration process requires manufacturers
to provide scientific data to substantiate that a
proposed product is safe and poses no unreasonable
adverse effects to human health or the environment.
Tests pertaining to toxicology, reproduction disorders
and abnormalities, and potential for tumors from
exposure to the pesticide are required. Other require
tests evaluate the effect of pesticides on aquatic
systems and wildlife, farm worker health, and the
environment. The registration process can require up
to 70 different types dests to substantiate the safety
of the product. Since 1989, the number of pesticide
active ingredients for sale in the United States has
decreased by 50 percent and further declines are
expected due to reregistration requirements and costs
(Pease and others, 1996).

The recently enacted Food Quality Protection Act of

1996 requires periodie-evaluation of pesticide
registrations to ensure that the scientific data
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voluntarily withdrew its registration rather than
proceedwith the special review. Y@anazne, which is
identified as acarcnogenic material, is the third most
used herbicide on corn and cotton and is also
commonly used on sorghum and other crops to
control grasses and broadleaf weeds. The
manufacturer has agreed to stop selling products
containing cyanazine by 1999.

Mevinphos and propargite are insecticides that have
been voluntarily canceled by their manufacturers.
Mevinphos was canceled for all uses in 1994 due to
concerns about acute toxicity and farmworker safety.
Because this pesticide degrades quickly after
application, it requires only a short interval before
harvesting. It was used for aphid control on many
fresh fruits and vegetables late in the growing season
when other agents could not be applied. Propargite
was withdrawn in early 1996 due to concern about
residues on fresh market produce and possible
exposure to infants and children. It was canceled for
use on apples, apricots, cranberries, figs, green beans,
lima beans, peaches, pears, plums, and strawberries.

d!n 1993, regulatory action was taken for methyl

bromide under the Clean Air Abecause of its

adverse affect on the ozone layer in the upper
atmosphere. Production and use will be terminated in
2001 and annual productiontiirthat date is limited

to the 1991 level.

Pesticide Resistance

Pesticide resistance is most likely to develop when a
pesticide with a single mode of action is used over
and over in the absence of any other management
measures to control a specific pest. If a weed, insect,
or fungi species contains an extremely low number of
biotypes resistant to the killing mode of the pesticide,
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Table 3.2.7—EPA regulatory actions and special review status on selected pesticides used in field crops
production, 1972 - June 1995

Pesticide Regulatory action and date

Alachlor Uses restricted and label warning, 1987; under EPA review for groundwater contamination
Aldicarb Use canceled on bananas, posing dietary risk, 1992

Aldrin All uses canceled except for termite control, 1972

Captafol All uses canceled, 1987

Chlordimeform All uses canceled, 1988. Use of existing inventory until 1989

Cyanazine Manufacturers voluntarily phasing out production by 2000 but stock can be used until 2003
DDT All uses canceled except control of vector diseases, health quarantine, and body lice, 1972
Diazinon All use on golf course and sod farms canceled, 1990

Dimethoate Dust formulation denied and label changed, 1981

Dinoseb All uses canceled, 1989

EBDC (Mancozeb,

Maneb,Metiram,
Nabam, Zineb)

Endrin

Protective clothing and wildlife hazard warning, 1982
All uses canceled, 1985

EPN All uses canceled, 1987

Ethalfluralin Benefits exceeded risks, additional data required, 1985

Heptachlor All uses canceled except homeowner termite product, 1988

Linuron No regulatory action needed, 1989

Methyl Bromide Annual production and use limited to 1991 levels with use to be terminated in 2001, 1993
Mevinphos Voluntary cancellation of all uses, 1994

Monocrotophos All uses canceled, 1988

Parathion Use on field crops only, 1991; under EPA review with toxicological data requested
Propargite Registered use for 10 crops canceled, 1996. Use for other crops remains legal
Toxaphene

Trifluralin Restrictions on product formulation, 1982

2,4-D (2,4-DB, 2,4-DP)

Most uses canceled except emergency use for corn, cotton, and small grains for specific insect infestation, 1982

Industry agreed to reduce exposure through label change and user education, 1992

Source: USDA, ERS, based on information in EPA, 1995.

then those species that survive the pesticide treatmentreported that they alternated herbicides on the

reproduce future generations containing the pesticide
resistant trait. As this process repeats, the resistance
trait multiplies and begins to account for a significant

share of the species’ population.

Although herbicide-resistant weeds have been
documented since the early 1950’s, their prominence
in the last two decades has increased, resulting in
management strategies that seek to minimize
development of pesticide-resistant species. Rotating
pesticides with different modes of action, applying
mixtures of herbicides, reducing application rates, and
combining mechanical or nonchemical control
practices are some management stiasep reduce
pesticide resistance (Meister Publishing, 1966).
Resistance to triazine herbicides (atrazine, cyanazine,
and simazine) is one of the more common
weed-resistant problems in corn and sorghum.
Farmers responding to USDAs Cropping Practices
Survey in 1994 reported that 16 percent of the corn
acreage had triazine-resistant weeds. To deter these
and other weed resistance problems, producers
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majority of corn, soybean, and cotton acreage. In
recent years, producers also have reported using
different active ingredients on each treated acre and
lowering the application rates, bgthactices
prescribed to deter herbicide resistance.

Similar to the development of weeds resistant to
herbicides, the incidence of insects, mites, and
disease-causing Ifigi species resistant to pesticides
also causes producers to switch to different chemicals
or pest controls (NRC, 1986). Once insect or fungi
species develop resistance to one ingredient, the time
required to develop resistance to other ingredients of
the same chemical family is often much less. Over a
short period of time, species resistant to an entire
family of ingredients can develop and require a
different node of treatment. At least partially due to
development of insecticide resistance, cotton
insecticide families shifted from mostly organo-
chlorines prior to the 1970's to organophosphates and
carbamates and more recently to synthetic pyrethroids
(Benbrook, 1996). Scouting to determine economic
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thresholds for treatments, alternating the use of
pesticide families, and several other management
strategies to combat resistance are now in(sse
chapter 4.4Pest Management

New Pest Control Products and Technology

Each year, the EPA registers several new pesticides
which producers may adopt if they offer improved
pest control and are profitable. Acetachlor was
granted conditional registration in 1994 as an
herbicide for use on corn that would help reduce
overall herbicide usage. The registration allows
automatic cancellation if the use of other herbicide
products is not reduced or if acetachlor is found in
ground water. In 1995, about 23 naifi pounds of

the new producivere apped to 20percent of U.S.
corn acreage (table 3.2.3). The reduced pounds of
alternative herbicides (alachlor, metolachlor, atrazine,
EPTC, butylate, and 2,4-D) more than offset the
pounds ofacetachlor.

Other pesticide products have significantly affected
the quantity of total use. For example, Imazethapyr,
first registered for use on soybeans in 1989, has
become the most widely used soybean herbicide in

the United States. This herbicide, applied at less than

1 ounce per acre, often replaced trifluralin and other
older products, applied at rates many times higher
than imazethapyr.
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Glossary

Acute Risk Indicator—An indicator of the potential human and environmental health risk from an acute exposure o
pesticides. An indicator value equal to 1 is the presence of 1 LD50 dose in the environment for 1 day. (See box] "Esti-
mating Pesticide Impact or Risk," p. 124)

Amount of pesticideapplied is the total pounds of all pesticide active ingredient (excluding carrier materials) appli¢d.
Because this sum can include materials applied at very different rates, differences in the amount applied do not ffecessar-
ily represent differences in the intensity of the treatment or potential health and environmental risks.

Chronic Risk Indicator—An indicator of the potential human health risk from a chronic exposure to pesticides. An in-
dicator value equal to 1 is the presence of 1 Reference Dose in the environment for 1 day.

LD50 dose—The constructed measure reflects the pesticide dose level (mg/kg of body weight) which results in 5qQ per-
cent mortality of laboratory test animals. The LD50 values used in constructing the acute risk indicator relate to
ingestion of the active ingredient (Oral LD50).

Land receiving pesticidesrepresents an area treated one or more times with a pesticide material. Pesticide mateffials in-
clude products used to kill weed, plant, and fungi pests, as well as products used as growth regulators, soil fumigants,
desiccants, and harvest aids.

Number of acre-treatments appliedrepresents total number of ingredients applications made throughout the growihg
season. A single treatment containing two ingredients is counted as 2 acre-treatments as is 2 treatments contairfing a sin-
gle ingredient.

Number of ingredients applied represents the total number of different active ingredients applied throughout the grow-
ing season on a field. It does not reflect repeat applications of the same ingredient during the production year.

Number of treatments applied represents the number of application passes made over a field to apply pesticides.| One
or more pesticide materials may be applied with each treatment. This measurement reflects labor and pesticide fapplica-
tion equipment usage.

Pesticide according to the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA), is "... any substance or mixture
of substances intended for preventing, destroying, repelling or mitigating any insects, rodents, nematodes, fungi, pr
weeds, or any other forms of life declared to be pests; and any substance or mixture of substances intended for ise as a
plant regulator, defoliant, or desiccant." Types or classes of pesticides are:

e Fungicides—Control plant diseases and molds that either kill plants by invading plant tissues or cause rotting §nd
other damage to the fruit before and after it can be harvested.

e Herbicides—Control weeds which compete for water, nutrients, and sunlight and reduce crop yields. Herbicides
that are applied before weeds emerge are referpg@émergence herbicide®reemergence herbicides have been
the foundation of row crop weed control for the past 30 years. Herbicides applied after weeds emerge are referred to
aspostemergence herbicideBostemergence herbicides are sometimes considered more environmentally sound than
preemergence herbicides because they normally have little or no soil residual activity. Treatments applied pripr to
any tillage or planting to kill existing vegetation are referred tauasdown applications Burndown applications
are often a part of no-till systems.

¢ Insecticides—Control insects that damage crops. Also include materials used to control mites and nematodes|

e Other Pesticides—nclude soil fumigants, growth regulators, desiccants, and other pesticide materials not othefwise
classified.

Reference Dose-The constructed measure reflects the long-term safety/toxicity of pesticides to humans. It is megsured
as the no-observable-effect level of a pesticide ingredient multiplied by an uncertainty factor, which adds an addifional
safety factor in translating animal no-observable-effect levels to human no-observable-effect levels. The construgted

value represents the "dose" (mg./Ib. of body weight) which could be consumed daily over a 70-year life span by & per-
son weighing 70 kg. without having adverse health effects.
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Recent ERS Research on Pesticide Issues

"Phasing Out Registered Pesticide Uses as an Alternative to Total Bans: A Case Study of Methyl Bromiide,
Journal of Agribusinessvol. 15, No. 1, 1997. (Walt Ferguson, Jet Yee) This article examines how a phase-ou
strategy, in place of an immediate ban on all crops, would affect consumers and producers and still achieve m
of the human health and environmental benefits of an immediate and total ban.

Agricultural Chemical Usage, 1995 Fruits SummaryAg CH1 96), July 1996. This report continues a series of
biennial reports of chemical use on most fruit commodities produced in the United States. This summary cont
state estimates of primary nutrients and pesticide active ingredients use in the on-farm production of these co
modities.

Agricultural Chemical Usage, 1995 Field Crop SummaryAg CH 1 96), March 1996. This report continues a
series of annual field crop summaries since 1990 that estimate on farm fertilizer and pesticide use on U.S.-prg
duced corn, cotton, potatoes, soybeans, and wheat. This summary contains State estimates of the primary
nutrients and pesticide active ingredients used in the production of these commodities.

Pesticide Residues, Reducing Dietary RisRER-728, Jan. 1996. (Fred Kuchler, Katherine Ralston, Laurian Un-
nevehr, Ram Chandran) New data on pesticide residues, food consumption, and pesticide use are used to ar
the sources of consumers’ dietary intake of pesticide residues and the benefits of research to develop safer al
tives to pesticide use. This study reports that canceled but persistent chemicals appear among the highest ris|
indicators; postharvest uses account for the largest share of dietary intake of residues; residue levels vary amg
domestic and imported commodities; and consumption patterns, especially those of children, influence risks frg
pesticide residues.

Regulation, Innovation, and Market Structure in the U.S. Pesticide Indust&ER-719, 1995. (Michael Ollin-
ger, Jorge Fernandez-Cornejo) This report examines how EPA regulation affects new chemical pesticide
registrations, new chemical pesticide safety and use, industry composition, and technology choice.

"The Effect of Feedgrain Program Participation on Chemical Us€. Agricultural and Resource Economics Re-
view, Oct. 1995. (Marc Ribaudo, Robbin Shoemaker) This journal article addresses whether commodity
programs create economic incentives and conditions that result in higher per-acre use of chemicals than woulg
cur under free-market conditions. The feedgrain program appears to provide incentives for participants to app
more fertilizer and herbicides than nonparticipants.

Agricultural Chemical Usage, 1994 Vegetable Summakg CH1 95), July 1995. This report continues a series
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of biennial reports of chemical use on most vegetable commodities produced in the United States. This sumnpary

contains State estimates of primary nutrients and pesticide active ingredients used in the on farm production o
these commodities.

Pesticide and Fertilizer Use and Trends in U.S. AgricultuER-717, May 1995. (Biing-Hwan Lin, Merritt
Padgitt, Len Bull, Herman Delvo, David Shank, Harold Taylor) Trends in fertilizer and pesticide use since 196
along with economic analysis of factors influencing agricultural chemical use are contained in this report.

Adoption of Integrated Pest Management in U.S. AgriculturdlB-707, Sept 1994. (Marc Ribaudo, Robbin
Shoemaker) This report summarizes information on the extent of adoption of integrated pest management (IP,
techniques in the production of fruits, vegetables, and major field crops. Levels of IPM vary widely among cro
and regions, but about half of all fruit, vegetable, and major field crop acreage uses some IPM techniques.

Atrazine: Environmental Characteristics and Economics of Manageme&ER-699, 1994. (Marc Ribaudo, A.
Bauzaher) This report presents the costs and benefits of an atrazine ban, a ban on pre-plant and pre-
emergent applications, and a targeted ban to achieve a surface water standard. A complete atrazine ban is
hypothesized to be the costliest strategy, while the targeted strategy is the least costly.

Economic Effects of Banning Methyl Bromide for Soil FumigatiodMAER-677, 1994. (Walt Ferguson, A. Padula)
This report estimates the consequences for producers and consumers of banning the use of methyl bromide fq
ricultural uses.

(Contact to obtain reports: Merritt Padgitt, (202) 219-0433 [mpadgitt@econ.ag.gov])
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3.3 Energy

Agriculture uses energy directly for operating machinery
and equipment on the farm and indirectly in fertilizers
and pesticides produced off the farm. Since a 1978
peak, total energy use in agriculture (excluding
electricity) fell by 25 percent to 1.6 quadrillion British
thermal units (Btu) in 1993, due to improved energy
efficiency. An additional 1 quadrillion Btu of energy is
used by the food processing industry. Agriculture also

supplies renewable energy in the

form of biomass for

electricity generation and as feedstocks, mostly corn, for
production of alternative fuels such as ethanol.

Contents

e Energy Use in Agricultural Production
e Energy Use in Food Processing

e Energy from Agricultural Biomass

ifferent types of energy are often required for

different activities in food production. Energy
used to produce food is classified as either direct or
indirect. Direct energy, mdg refined petroleum
products, is used on farms for planting and
harvesting, fertilizer and pesticide application, and
transportation, while electricity is used for irrigation
and other purposes. Dairies require a major input of
electricity for cooling ik, operating milking
systems, and supplying hot water for sanitation.
Indirect energy, on the other hand, is consumed off
the farm for manufacturing fertilizers and pesticides.
In addition, substantial amounts of energy, including
natural gas, oil, electricity, and coal, are used in
manufacturing or processing of food after it leaves the
farm. Most food processing firms use energy to
provide steam, hot water, and process heating.

The agricultural sector also supplies energy. The
Clean Air Act Amendment of 1990 (CAA) has
increased the demand for ethanol—already used as a
fuel extender and octane enhancer—by requiring
oxygenates in about 35 percent of the Nation’s
gasoline. Ethanol primarily uses corn as a feedstock,
but can use other biomass as well. On a larger scale,
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biomass from agricultural and forestry sources is used
directly as fuel for electricity generation.

Energy Use in Agricultural Production

Agricultural energy use peaked at 2.2 quadrillion Btu
in 1978. However, oil price shocks during the late
1970’s and early 1980’s forced farmers to become
more energy-efficient. Many farmers have switched
from gasoline-powered to fuel-efficient diesel-
powered engines, adopted energy-conserving tillage
practices, shifted to larger multifuna machines,

and adopted energy-saving methods of crop drying
and irrigation. Between 1978 and 1993, energy
(excluding electricity) used by agriculture declined 25
percent, primarily due to a reduction in the direct use
of energy (gasoline, diesel, liquefied petroleum or LP
gas, and natural gas); energy used to produce
fertilizers and pesticides declined only slightly.
(Separate electricity expenditures in agriculture have
not been available since 1991.)

In addition, the composition of energy use has
changed significantly. Gasoline use has dropped from
42 percent of total energy use in 1965 to only 11
percent in 1993, while diesel's share of diesel fuel has
risen from 13 percent to 29 percent (fig 3.3.1). This
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Figure 3.3.1--Composition of energy use in
agriculture, 1965-93

Quadrillion Btu's
25

Electricity *

Natural gas

0.5

‘ Fertilizers and pesticides ‘

| |
1965 1969 1973 1977 1981 1985 1989 1993

! No data on electricity use since 1991.
Source: USDA, ERS.

change reflects the shift away from gasolinesped
machinery toward more efficient, dieselwsred
machinery.

While farm energy use declined by @ércent

1
between 1978 and 1993, agricultural output increased

by almost 47 percerfin 1987 dollars, Economic
Report of the President, 1995). As a result, the ratio
of energy use to agricultural output fell by 50 percent
between 1978 and 1993.

Demand for refined petroleum products such as diesel
fuel, gasoline, and LP gas in agricultural production is
determined mainly by the number aéres planted

and harvested, price of energy, and weather. Farm
fuel use in 1994 was greater than in 1993. Diesel
fuel use, at 3.5 billion gallons, was ugpércent from
1993 while LP gas, at 0.9 billion gallonscreased 3
percent (table 3.8). This increase was due

principally to lower fuel prices and a slight irase

in the number of acrgdanted and harvested.

Gasoline consumption, at 1.4 billion gallons, was
unchanged from the 1993 level.

Farm fuel prices in the United States are heavily
influenced by international market conditions,
particularly crude oil supplies by the Organization of
Petroleum Exporting Countries (OPEC).

Historically, each 1-percent increase in the U.S. price
of imported crude oil has translated into @percent
rise in the farm price of gasoline and diesel fuel.
Following the Arab Oil Embargo of 1973-74, world

oil prices rose rapidly. They escalated again due to
the Iranian crisis in 1979, peaked in 1981, then fell
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Table 3.3.1—Fuel purchased for farm use,

1974-941
Year Gasoline Diesel LP gas
Billion gallons
1974 3.7 2.6 1.4
1975 4.5 24 1.0
1976 3.9 2.8 1.2
1977 3.8 2.9 1.1
1978 3.6 3.2 1.3
1979 34 3.2 1.1
1980 3.0 3.2 1.1
1981 2.7 3.1 1.0
1982 24 2.9 1.1
1983 2.3 3.0 0.9
1984 2.1 3.0 0.9
1985 19 2.9 0.9
1986 1.7 2.9 0.7
1987 15 3.0 0.6
1988 1.6 2.8 0.6
1989 1.3 25 0.7
1990 15 2.7 0.6
1991 1.4 2.8 0.6
1992 1.6 3.1 0.9
1993 1.4 3.3 0.7
994 1.4 35 0.9

1 Excludes Alaska, Hawaii, and fuels used for household and per-
sonal business.

Source: USDA, ERS, based on NASS, Farm Production Expendi-
tures Summaries, and unpublished data.

steadily until 1985, and fell sharply in 1986 due to a
glut of oil in the world market. Oil prices rose
sharply again in 1990 and 1991 following the Persian
Gulf war and have since been falling gradually. Farm
gasoline prices mirrored world oil prices, rising, for
example, from 47 cents per gallon in 1974 to $1.29 in
1981. Between 1992 and 1994, gasoline prices fell
steadily, then rose slightly in 1995 (table 3.3.2).
During the first half of 1996, gasoline prices were on
the rise due to increased seasonal demand.

Farm fuel expenditures represented 3.5 percent of
total farm production expenses in 1994, down from
3.6 percent in 993 (table 3.3.3). In 1994, farm fuel
expenditures totaled $5.55 billion, an increase of less
than 1percent from 1993. An increasethre number

of acres planted and harvested in 1994, even with
lower energy prices, accounted for this slightéase

in total expenditures. The Corn Belt, at $1.02 billion,
was the farm production region with the highest total
energy expenditures, followed by the Northern Plains
at $704 million (fig. 3.3.2). Farm expenditures for

AREI / Production Inputs



Table 3.3.2—Average U.S. farm fuel prices,

1974-95"
Year Gasoline? Diesel** LP gas®
$/gallon®

1974 0.47 0.37 0.30
1975 0.50 0.39 0.30
1976 0.53 0.41 0.33
1977 0.57 0.45 0.39
1978 0.60 0.46 0.40
1979 0.80 0.68 0.44
1980 1.15 0.99 0.62
1981 1.29 1.16 0.70
1982 1.23 1.11 0.71
1983 1.18 1.00 0.77
1984 1.16 1.00 0.76
1985 1.15 0.97 0.73
1986 0.74 0.58 0.55
1987 0.92 0.71 0.59
1988 0.93 0.73 0.59
1989 1.05 0.76 0.58
1990 1.17 0.95 0.83
1991 1.19 0.87 0.75
1992 1.15 0.82 0.72
1993 1.14 0.82 0.78
1994 1.08 0.77 0.72
1995° 1.11 0.77 0.73

! Based on surveys of farm supply dealers conducted by the Na-
tional Agricultural Statistics Service (NASS), USDA.

2 | eaded regular gasoline survey item discontinued after 1992, and
unleaded gasoline survey item added January, 1993.

3 Includes Federal, State, and local per gallon taxes.
4 Excludes Federal excise tax.
5 Bulk delivery.

6 Prices based on April 1995 survey of farm supply dealers con-
ducted by NASS, USDA.

Source: USDA, ERS.

electricity were an adiional $2.33 billion in 1991,

Figure 3.3.2--Farm sector fuel expenditures,
by region, 1994

Corn Belt 1.02
Northern Plains 0.704
Lake States 0.582
Southern Plains 0.566
Pacific 0.536
Mountain
Appalachian
Southeast 0.301
Northeast 0.301
Delta ‘ 0.2?1 | | |
0 02 04 06 08 1 1.2
$ billion

Source: USDA, ERS, based on NASS, Farm Production Expenditures, 1994
Summary.

firms use power-driven machines and
material-handling equipment and, in 1991, consumed
4.7 percent (1 quadiibn Btu) of total energy.

Industries within the food and kindred products sector
use different types of energy and at various
intensities. Eight industries of the sector’s 49
accounted for nearly half of thetab energy

consumed (table 3.3.4). The most comraaergy
sources are natural gas, electricity, coal, LP gas, and
residual and distillate fuel oil. Beet sugar is the most
energy-intensive industry at 28,300 Btu per dollar of
shipments, compared with meat packing at 1,000 Btu.

The sector’s output rose 25 percent between 1977 and
1991, while its energy use fell 2 percent, mainly due
to improvements in efficiency such as waste heat
recovery and the substitution of membraeearation

the last year separate data were gathered. If a similar for thermal separation.

expenditure for electricity occurred in 1994, total
farm energy expenditures would be $@ilion or 4.9
percent oftotal farm production expenses.

Energy Use in Food Processing

Energy is an important input to manufacturing and
processing food after it leaves the farmgate. Food
and kindred products, SIC (Standard Industrial
Classification) 20, is the Nation’s largest
manufacturing sector with the value of its shipment as
high as $404 billion in 1993. The sector’s firms
process foods and beverages largely for human
consumption, as well as related products such as
animal feed. Food manufacturing and processing
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Energy from Agricultural Biomass

Biomass (plant and animal matter) includes a broad
range of biological materials—such as agricultural

and forestry products and wastes including animal
manure—that can be used to produce energy. These
feedstocks may be used for direct combustion,

gasified, and/or processed into biofuels such as
ethanol, methanol, ethyl or methyl esters, methane,
and biocrude. Biomass could provide clean energy

and thereby reduce the emissions of greenhouse gases
and other pollutants.
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Table 3.3.3—Farm energy expenditures, 1980-94

Fuel share Electricity
f farm

vear producton  Non- Irtigation  Tota

Gasoline Diesel LP gas Other Total fuel  expense irrigation energy

$billion Percent $billion

1980 3.31 3.12 0.67 0.82 7.92 5.9 1.22 0.54 9.68
1981 3.36 3.35 0.70 0.81 8.22 6.2 1.32 0.66 10.20
1982 2.87 3.25 0.76 0.85 7.73 5.9 1.42 0.69 9.83
1983 2.64 3.15 0.66 0.89 7.34 5.6 1.62 0.59 9.55
1984 2.40 3.06 0.72 0.82 7.00 54 1.64 0.59 9.23
1985 2.16 2.92 0.69 0.68 6.45 51 1.56 0.65 8.68
1986 151 2.04 0.49 0.65 4.33 4.1 1.42 0.58 6.69
1987 1.37 2.13 0.38 0.47 4.35 3.9 2.03 0.43 6.81
1988 1.42 2.12 0.38 0.53 4.45 3.8 2.17 0.48 7.10
1989 1.44 2.12 0.38 0.51 4.45 3.6 1.69 0.64 6.78
1990 1.65 242 0.53 0.57 5.14 3.9 1.65 0.65 7.47
1991 1.50 2.34 0.44 0.65 4.93 3.8 1.57 0.76 7.25
1992 1.72 2.65 0.65 0.63 5.65 3.9 na na na
1993 1.58 2.69 0.58 0.67 5.52 3.6 na na na
1994 1.50 2.70 0.62 0.73 5.55 3.5 na na na

na = not available.

Source: USDA, ERS, based on NASS, Farm Production Expenditures, 1980-1994 Summaries. Data for 1992-94 are from the NASS, unpublished
data.

Table 3.3.4—Consumption of energy by industry group, 1991

Standard Industry group® Total Net Residual Distillate Natural LP gas Coal

Industrial electricity’ fuel oil  fuel oil®  gas
Classification

Trillion Btu

20 Food and kindred products 956 169 27 17 w 5 154
2011 Meatpacking plant 49 12 1 1 32 1
2033 Canning fruits & vegetables 44 5 2 36 * Q
2037 Frozen fruits & vegetables 40 10 2 * 26 * 0
2046 Wet-corn milling 140 14 * * 52 * 68
2051 Bread, cake, & related prod. 32 8 * 23 * 0
2063 Beet sugar 67 1 W * 19 * 43
2075 Soybean oil 51 6 * * 25 * 13
2082 Malt beverage 50 8 3 * 23 * 16

1 Only the eight largest subcategories of food and kindred products are shown.

2 "Net electricity" is the sum of purchases in and generation from noncombustible renewable resources, minus quantities sold and transferred out.
3 Includes Nos. 1, 2, and 4 fuel oils and Nos. 1, 2, and 4 diesel fuels.

4 Includes natural gas obtained from utilities, transmission pipe lines, and any other supplier(s) such as brokers and producers.

* Estimate less than 0.5.

Q = Withheld because of relative standard error greater than 50 percent.

W = Withheld to avoid disclosing data for individual establishments.

Source: USDA, ERS, based on U.S. Department of Energy/Energy Information Administration, 1994.
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With the improvement in technologies, many
agricultural products are now used for producing
electricity andiquid fuel for transportation. In 1993,
over three quadrillion Btu of biomassergy were
consumed in the United States, représgrabout 3.7
percent oftotal U.S.energy consuntpn. Energy
from wood accounted for &Jercent ototal biomass
energy consumption, while energy froolid waste
and corn-ethanol made up 10 and 3 percent. Wood
was consumed in the United States for industrial and
utility (two-thirds) as well as residential use
(one-third). Wood energy use in the commercial
sector was estimated to be over 20 billion Btu in
1986, the last year of available data.

Consumption of wood in the residential sector has
been declining, due to people moving from rural to
urban areas; the scarcity of inexpensive fuel wood;
environmental restrictions on the burning of wood,
especially in populated areas; and the emergence of
clean-buring and more efficient gas fireplaces.

Biomass Electricity

During the 1980’s national interest grew in
wood-burning electric-generating plants as a result of
the National Energy Policy Act and state ultility
regulatory actions. More than 5,800 megawatts of
power from wood-fueled electricity were added to the
200 existing in 1979. Qfearly a thousand

wood-fired plants ranging from 1 to over 100
megawatts, only a third offer electricity for sale. The
rest are owned and operated by paper and wood
production industries for their own use.

Biomass-based electricity is most economical in those
regions wherelectricity is relatively expensive and
wood is cheap.

Despite rapid growth in the 1980s, the biomass power
industry is now in a low-growth phase because of low
fossil fuel prices, excess capacity, competitive bidding
for power sales, and costly permitting procedures.
Competition from efficient natural gas-turbine
generators has also dampened the market for biomass
projects. Natural gas has benefited from its low
investment cost per kilowatt hour (Kwh), affordability
and abundance due to new drilling technology, and
ability to burn cleaner than coal, wood, asitl

Energy crops (wood and grass) could become
important feedstocks for the production of liquid
fuels, electricity, chemicals, and other industrial
products. With increases in yield and competitive
conversion technologies, biomass crops such as
herbaceous plants andad might compete with
fossil fuels for a broad range of uses. A biomass
industry could also provide new income for farmers,
jobs in rural areas, and markets for agricultural
residues. Key to this scenario are increases in fossil
fuel prices; more rapid advances in biomass
gasification, gas clean-up, and gas-turbine power
generation; and market development for biomass
coproducts such as pulp wood chemicals. Policies
that restrict greenhouse gas emissions or promote
biomass production on idled land could also help.

Fuel Ethanol Production Processes

Ethanol is produced from corn by two standard production processes: wet- and dry-milling. With the exception of
initial separation process, the two processes are very similar. In dry-milling, the first step consists of grinding the|
which is then slurried with water to form the mash and cooked. Enzymes convert the starch in the mash to sugd
in the next stage, yeast ferment the sugars to produce beer. In the dry-mill process, the beer, containing alcohol
and dissolved solids, is separated from solids. It is then distilled and dehydrated to create anhydrous ethanol. T
ids are dried and sold as distillers’ dried grain with solubles (DDGS), commonly used as an animal protein feed.
current technology, a bushel of corn when processed will yield 2.6 gallons of fuel-grade ethanol and 16.5-17.5 Ib
DDGS. Carbon dioxide may also be collected from a fermentation tank.

In wet-milling, the first step involves soaking the corn kernels in water and sulfur dioxide and separating the corn
its major components: the germ, fiber, gluten, and starch. All other components of the corn kernel are removed
fermentation of starch. These components are used to produce three coproducts: corn oil, corn gluten feed (CG
corn gluten meal (CGM). A bushel of corn, when processed by wet-milling, can produce 1.6 Ibs. of corn oil, 12.5
of CGF, and 2.5 Ibs. of CGM. The remaining starch is saccharified, fermented, and distilled as in the dry-milling
duction process.
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The Federal Government offers incentives for
commercially competitive biomass energy, including
unconventional fuel credits (99.3 cents per million

Figure 3.3.3--U.S. ethanol production, 1980-94

Million gallons

Btu); power production tax credits (1.6 cents per 1,600
kwh); alcohol fuel credits (60 cents per gallon of I 1400
ethanol or methanol from biomass, in addition to 10

1,200 T

cents per gallon for “small” ethanol producers);
accelerated depreciation (5 years versus 15-20 years)
for certain biomass energy fhties; tax-exempt
financing; cash subsidies (1.5 cents per kwh); and
investment tax credits (6zercent) for growing
energy crops exclusively for conversion of biomass to
electricity (direct combstion and gasification) and
liquid fuels. Given itsuncertain competitiveness,
biomass depends on projects that successfully
demonstrate its utility foenergy produdbn in the
United States. The U.S. Department of Energy
(DOE) and the U.S. Department of Agriculture
(USDA) are collaborating to develop technologies and
to foster business arrangements that integrate
electricity generation and rural development through
biomass-based renewable energy (see chapter 5.1, released into the atmaisere. These three ditives
Agricultural Technology Developm@ntUSDA will compete closely for markets. Methanol had been a
participate in these projects using existing authorities cheaper oxygen additive than ethanol, but RFG
and programs, and DOE will share costs under programs and other chemical applications increased
authority of the Energy Policy Act of 1992 and the the demand for methanol, pushing methanol prices to
President’'s Climate Change Action Plan. $1.40 per gallon in 1994 from 35 cents in 1993. A
temporary shutdown of a large methanol producing
plant due to an explosion also caused methanol prices
i to rise. That gave ethanol, a substitute for methanol,
a temporary boost. The methanol situation is
expected to ease in 1997 as additional capacity comes
on line. In addition, the Treasury Department

830 845 870
800

400

0
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Source: USDA, ERS, based on Renewable Fuels Association, 1994.

Fuel Ethanol

The oil embargoes of 1973 and 1979 renewed interes
in alcohol fuels, primarily fuel ethanol from grain.
Energy security, new Federal gasoline standards, and

government incentives have driven the grain-based
fuel ethanol industry. When the energy crisis first
exposed U.S. vulnerability to energy supply
interruptions, fuel ethanol from agricultural resources
was viewed only as a potential gasoline extender. In

1990, ethanol emerged as an octane enhancer after th

Environmental ProtectioAgency (EPA) began to
phase out lead in gasoline. Maeeently, ethanol
productionreceived amajor boost with the passage of
EPAs Clean Air Act Amendments (CAA) of 1990
establishing the Oxygenated Fuels Program and
Reformulated Gasoline (RFG) Program to control
carbon monoxide (CO) and to mitigate ground-level
ozone problems. Both programs require oxygen
levels in gasoline of 2.gercent (by weight) for
oxygenated fuel and 2.0 percent for reformulated
gasoline. The three leading oxygen additives are
ethanol; ethyl tertiary butyl ether (ETBE), made from
ethanol; and methyl tertiary butyl ether (MTBiEade
from methanol, which is derived from natural gas.

Adding ethanol, ETBE, or MTBE to gasoline to
create "oxygenated" blends reduces the amount of C
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announced in 1994 that the ethanol portion of ETBE
was eligible for an exemption from the Federal excise
tax of 18.4 cents per gallon, now available to ethanol.
As gasoline blended with ETBE contains 5.6 percent

thanol, the tax break per lpal of ETBE amounts to

cents. For gasohol (gasoline containing 10 percent
ethanol), the exemption is 4.5 cents. This ruling
increased ETBE’s competitiveness with other
qualifying alcohols in the RFG market. Ethanol’'s
competitiveness will also improve as producers adopt
energy-efficient technologies and other cost-saving
innovations.

Fuel ethanol production in the United States has
grown from just a few thousand gallons in the
mid-1970's to 1.4 billion gallons in 1994 (fig. 3.3.3).
As of July 1995, U.S. fuel ethanol industry was
comprised of 41 operational facilities in 15 States.
Several large producers dominate the industry. Archer
Daniels Midland alone had 59 percent of U.S. annual
operational production capacity (1.7libn gallons)

0N 1995. About 71 percent of fuel ethanol’s
production capacity is in the Corn Belt region,
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followed by the Northern Plains with 14 percent.

U.S. ethanol production capacity is nearly 2.2dnl
gallons per year, including capacity under
construction or in the engineering/financing stage and
capacity which is shut down at present. The two
main processes for producing ethanol from corn are
wet-milling and dry-milling(see box, "Fuel Ethanol
Production Processes," p. 139). Wet-milling accounts
for about 60percent ototal ethanol production.

Ethanol production costs vary greatly, depending
largely on net feedstock cost (grain cost minus value
of byproducts). For 1981-91, net feedstock cost
ranged from 10 to 67 cents per gallon of ethanol, due
mainly to large swings in the price of corn ($1.58 to
$3.16 per bushel). Changes in coproduct prices also
contributed to this variation. Together, capital and
operating costs for wet milling ranged from 78 cents
to $1.07 per gallon, bringing the cost of ethanol to
$0.88-1.74 per gallon. With an expected pricearh

of about $3 per bushel in the 1995/96 marketing year,
total cost of producing ethanol could rise 20 to 23
cents per gallon due to higher net corn cost, lowering
its competitiveness with other fuels. Higher corn
prices have reduced profits for fuel ethanol producers
and, consequently, production has been cut. In May
1996, the market price of coreached a record $4.98
per bushel and some large ethanol producers further
cut back production.

Author: Mohinder Gill, (202) 219-0447
[mgill@econag.gv]. Contributor: Hosein Shapouri.
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Recent ERS Reports on Energy Issues

Farm Energy, AREI Update, 1995 No. 16 (Mohinder
Gill). Farm fuel prices are influenced by crude oil
prices especially imported crude oil. In 1994, com-
pared with 1993, farm fuel prices fell by 5 - 8 percer
as the imported crude oil price fell by 4 percent.
Farm energy expenditures, at $5.56 billion in 1994,

—

were 1 percent less, compared with 1993 an estimafed

5.8 billion gallons of fuel was consumed in 1994, 7
percent higher than 1993, because of increased
planted acreage.

"The Agricultural Demand for Electricity in the
United States," International Journal of Energy Re-
search 1995 Vol. 19 (Noel D. Uri and Mohinder
Gill). The price of electricity is a factor impacting

the quantity of electricity demanded by farmers for irt

rigation and nonirrigation uses, but there is no
indication that other types of energy are substitutes
for electricity. Number of acres irrigated and numbe
of acres planted are important factors driving the de;
mand for electricity for irrigation and nonirrigation
uses.

(Contact to obtain reports: Mohinder Gill, (202) 219-
0447 [mgill@econ.ag.gov].

tics ServiceFarm Production Expenditure$980-94
Summaries.

Agricultural Prices 1981 - 1994 Summaries.
. (1995Rgricultural Prices April.

. (1995Agricultural Prices July.

U.S. Department of Agriculture, National Agricultural Statis-

U.S. Department of Agriculture, Economic Research Service

(1993). Emerging Technologies in Ethanol Production

AIB-663.

. (1989)Economics of Ethanol Production in

the United State AER-607.

. (1994)Industrial Uses of Agricultural Materi-

als, Situation and Outlook Report, IUS-4, Dec.

. (1996)Feed OutlookFDS-0496, April.

tion (1994) Manufacturing Consumption of Energy
1991.DOE/EIA - 0512 (91), Dec.

U.S. Environmental Protection Agency (1998esticides

U.S. Department of Energy, Energy Information Administra-

Industry Sales and Usage, 1992 and 1993 Market Esti-

mates.
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3.4 Farm Machinery

Increasingly complex farm machinery is an essential
contributor to the productivity gains of U.S. agriculture.
Expenditures on farm machinery in 1995 made up 13
percent of total production expenditures. Farm machinery
sales in 1995 and 1996 leveled off somewhat after showing
significant increases in 1993 and 1994. The increased value
of farm assets and higher farm cash receipts have helped
maintain farm machinery sales.

Contents
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Farm machinery and equipment are increasing in Farm Machinery Sales
complexity, price, and, in many cases, size.

Expenditures on farm machinery make up 13 percent
of total production expenditures and farm machinery
assets are 9 percent of total farm assets (USDA, ERS,
1996b; USDA, NASS, 1996b). Trends toward
conservation tillage and no-till have prompted
inventions such as the air drill and the coulter chisel
plow. Precision farming is the impetus for new
inventions, including continuous yield monitoring
equipment and variable-input gaging devices, and will
likely inspire more inventions in the near future.

After showing a significant increase in 1994,
purchases of farm machinery continued to increase
through 1996, but at a slower rate. Faractor
purchases increased 9 percent from 1993 (57,800
units) to 1994 (63,200). From 1994 to 1995, the
increase in purchases was 2 per¢em64,600 units)
(table 3.4.1, fig. 3.4.1). Purchases increaspdrdent
in 1996. Combine sales were also up in 1995,
increasing by 8 percent, but slowed in 1996. Tractor
and combine sales are indicators of the general farm
machinery economy; retail sales data on other

: : . machinery are not available.
Operation of farm machinery can cause soil y

compaction and contribute to engine emissions.

These environment&ffects can be lessened by using
specific farming practices and special exhaust systems
and fuels. Engine exhaust emissions will be reduced
as new tractors meet EPA requirements by the year
2000 (USDA, ERS, 1994b). The risks in operating

Several demand factors were favorable for increased
purchases of tractors and farm machinery in 1996,
and purchases increased in most horsepower classes.
Tractor sales in the 40-99 horsepower category
increased 4 percent in 1996. Tractor sales in the
100-and-over horsepower category also increased 4

farm machinery make agriculture one of the Nation’s :
. . percent. Purchases of four-wheel-drive tractors stayed
most hazardous occupations, but improved safety the same.

measures are reducing accidents and injuries (see box,
“Farm Machinery Safety”).
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Farm Machinery Safety

Agriculture is one of the Nation’s most hazardous occupations. Estimates of annual agricultural deaths vary betw

een 26

and 50 workers per 100,000, compared with an annual rate of 11 for all industries combined (USDHHS, 1992; MMS,

1995).

Little data are available on farm accidents, injuries, and illnesses. The census of agriculture included questions (
number of injuries and deaths on farms for the first time in 1992. Runyan, in 1993, published a review and syno
data sources on farm accidents. Nationally, some data are available from several sources: the Department of L
partment of Commerce, Product Safety Commission, Department of Health and Human Services, National Safety
Council, Department of Agriculture, and the State Workers’ Compensation Systems. Also, some data are availal
State and local sources, including newspapers, coroners, hospitals, and medical personnel.

Farm-related injuries totaled 64,813 in 1992 according to the census of agriculture (USDC, 1994a). There were
farm-related deaths. The census does not report the cause of injuries and deaths, but many were likely related t
chinery use. A recent study of farm accidents in Kentucky found that 82 percent of tractor-related fatalities were
rollovers. Most of these occurred while mowing (32 percent). All the victims were male. The median age of the
tors was 23 years, ranging from 2 to 41 years. Most of the fatalities could have been prevented had the tractor b
equipped with rollover protection (ROPS) and seatbelts. ROPS and seatbelts were not required on new tractors
1976 (MMS, 1995).

The farm machinery industry has done much to improve farm safety. Rollover protection is provided on new trag
Fully enclosed cabs offer protection on most larger tractors, combines, and other self-propelled equipment. Pow
off shields have been standard equipment for many years. Warning decals are placed near hazardous locations
effort to educate farmers, their families, and farmworkers about the dangers in operating farm machinery and eqd
could help reduce injuries and fatalities.

There are economic costs associated with deaths, injuries, and illnesses from farm-related causes. A New York
people killed in farm accidents estimated that from $218,001 to $362,047 (adjusted to 1987 dollars) of lifetime ex
income and opportunity costs (per person) were foregone due tadaithents (Kelsey, 1991). Costs include health
care, discounted future earnings, and special devices such as wheelchairs and lifts. In some cases, the farm haj
sold to help pay for medical expenses. Society also bears many of the costs of farm accidents when the family i
able to pay medical costs and expenses.
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Table 3.4.1—Domestic farm machinery unit sales, 1986-96

Machinery category

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996

Units
Tractors:
Two-wheel-drive--
40-99 hp 30,800 30,700 33,100 35,000 38,400 33,900 34,500 35500 39,100 39,700 41,200
100 hp and over 14,300 15,900 16,100 20,600 22,800 20,100 15,600 19,000 20,400 20,500 21,400
Four-wheel-drive 2,000 1,700 2,700 4,100 5,100 4,100 2,700 3,300 3,700 4,400 4,400
All farm wheel tractors 47,100 48,400 51,700 59,700 66,300 58,100 52,800 57,800 63,200 64,600 67,000
Self-propelled combines 7,700 7,200 6,000 9,100 10,400 9,700 7,700 7,850 8,500 9,200 9,000

Source: USDA, ERS, based on Equipment Manufacturers Institute, various years.
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Figure 3.4.1--Farm tractor and combine unit sales,
1970-96

1,000 units
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Tractors-40 HP & up and self-propelled combines.

Source: USDA, ERS, based on Equipment Manufacturers Institute, various
years.

Farm machinery plant capacity being utilized was
estimated at 66 percent for 1994, compared with 24
percent in 1986 (table 3.4.2). Plant capacity
utilization increased every year since 1992. The low
rate in 1986 followed several years of low demand
for farm machinery and large dealer inventories.
Total or full production capacity was low throughout

Table 3.4.2—Plant capacity utilization in the farm
machinery and equipment industry (fourth quarter)

Year Capacity utilization rates’
Percent
1980 62
1981 48
1982 31
1983 38
1984 41
1985 37
1986 24
1987 43
1988 54
1989 66
1990 66
1991 64
1992 56
1993 59
1994 66

1For 1989 and later, percent of full production; for 1988 and earlier,
percent of "practical capacity."

1993 and 1994 estimated.

Source: USDA, ERS, based on USDC, 1994b and Federal Reserve,
1995.

number of years (USDA, ERS, 1988). Depreciation,
alsoreferred to as econdc depreciation or capital
consumption (as opposeddepreciabn for income
tax purposes), measures the amount of capital stock

most of the 1980’'s as farm machinery manufacturers used up in the production process (McGath and
cut back, consolidated, and merged in response to low Strickland, 1995).

sales and economic pressures. The same capacity
utilization rate in the 1970’s produced more farm

machinery since full production for the industry was
higher. Also, capacity utilization was higher, 83-85

Capital expenditures on tractors, trucks, and farm
machinery, in nominal dollars, reached a peak in 1979
and, despite recent gains, are still $3 billion below

percent throughout the 1970’s, as the farm machinery that peak (fig. 3.4.2, table 3.4.3). In real terms

industry responded to high demand caused by high

(adjusted for inflation), depreciation of farm

farm incomes, large exports, and high real estate assetmachinery has exceeded capital expenditures every

values (USDC, 1994b).

Capital Expenditures and Depreciation

Another indicator of the economic health of the
farming sector is the dérence between capital
expenditures and depreciation, which represents the
amount of capital accumulation or depletion. Capital
expenditures are the dollar value investment in
tractors, trucks, farm &os, and farm machinery as
opposed taunits of tractors and combinesld.

Capital expenditures are the purchases of new and
used durable machinery and equipment (less
trade-ins) that will be used (and depreciated) over a

144

year since 1980 (fig. 3.4.3). In 1985, real
depreciabn reached $8.5 tion and real capital
expenditures were $4.2 billion, a gap of $4.3 billion.
In 1995, capital depletion was $1.1 billion, about the
same as in 1994.

Capital depletion in the farming sector may be due to
several reasons. The mechanization of agriculture is
changing. Tractors, combines, and other powered
machinery have been getting larger and more
efficient. Tillage practices have been changing from
conventional tillage, which involved working the soil
many times prior to planting, to reduced and no-till
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Figure 3.4.2--Farm machinery capital expenditures, 1970-95
Billion dollars
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Source: USDA, ERS, 1994a and other ERS sources.

practices, which require fewer times over the soll,
help conserve soil, and prolong the useful life of
tractors and equipment. Also, fang was very
profitable in the late 1970’s, which encouraged
farmers to buy more and larger tractors and
machinery than needed for efficient operations. More
than 157,000 farm tractors were sold in 1973,
compared with only 47,000 in 1986. In the early
1980's, farm income declined, farmers bought less
machinery, and the farming sector remained

Figure 3.4.3--Machinery capital expenditures
and depreciation, 1975-95

Billion dollars
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Adjusted to 1975 dollars; 1995 estimated.
Source: USDA, ERS, 1994a and other ERS sources.
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1984 1986 1988 1990 1992 1994

productive by keeping old machinery in repair and
using the extra machinery capacity built up during the
late 1970's. Delaying expenditures on farm
machinery can result in higher repair costs, but there
is usually a period of time when thefdiience in cost
between keeping an old machine and buying a new
one is small.

At some point in the future, capital investment should
equal and surpass depreciation. The gap between
capital expenditures and depreciati@mrrowed in the
late 1980’s, but increased again in 1991. Capital
depletion has been a little over $1 billion egelar

since 1993. However, this was only about Bpet

of the total capital inventory stock of machinery on
farms and likely represents adjustments due to
efficiencies in technology and changes in farming
practices. More farmers are buying the specialized
machinery needed to comply with conservation plans.
Also, capital expenditures likely increased in 1996.
These factors should soon bring back capital
accumulation in the farming sector.

Factors Affecting Machinery Demand

Farm machinery demand is affected by various
factors, including machinery prices, interest rates,
farm equity, farm income, and cropland used for
crops (see box, "FactoAdfecting Demand for Farm
Machinery," p. 148). Machinery prices and interest
rates determine the cost of purchasing farm
equipment. Farm equity is the result of assets minus
debt and is a measure of the collateral available to
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Table 3.4.3—Trends in U.S. farm investment expenditures and factors affecting farm investment demand,

1988-96
ltem 1988 1989 1990 1991 1992 1993 1994 1995 1996F
Capital expenditures: $ billion
Tractors 2.54 2.90 3.12 2.59 2.83 2.69 2.89 291 2.90-2.98
Other farm machinery 4.22 5.09 5.59 541 5.13 5.49 5.18 5.05 5.15-5.30
Total 6.76 7.99 8.71 8.00 7.96 8.18 8.07 7.96 8.05-8.28
Repairs 4.16 4.71 4.50 4.55 4.18 4.46 4.35 4.56 4.49-4.60
Trucks and autos 2.37 2.58 2.63 2.40 2.30 2.50 2.56 2.80 2.62-2.82
Farm buildingsl 2.39 2.53 2.80 2.75 2.37 3.39 3.25 3.01 3.10-3.23
Factors affecting demand:
Interest expenses 14.3 13.9 13.4 12.1 11.2 10.8 11.8 12.8 13.0
Production expenses 137.8 144.9 153.7 1534 152.5 160.5 167.4 175.6 183.1
Farm business assets:
Real estate asset52 595.5 615.7 618.4 624.4 642.8 673.4 706.9 755.7 808.6
Other assetsz 205.6 2141 220.3 2194 226.1 231.1 231.2 222.3 226.5
Farm business debtz’3 139.4 137.2 138.0 139.2 139.0 141.9 146.8 150.8 1554
Equity2 661.7 692.4 700.7 704.6 729.9 762.6 791.3 827.2 879.7
Agricultural exports4 35.3 39.6 394 39.2 42.9 42.6 45.7 55.8 60.4
Cash receipts 151.2 161.1 169.4 167.8 171.3 177.6 180.8 185.8 200.4
Net farm income 38.0 47.9 44.8 38.4 48.0 43.6 48.4 34.8 51.7
Net cash income 54.5 54.2 52.9 50.4 55.5 58.9 50.5 48.8 57.4
Government payments 14.5 10.9 9.3 8.2 9.2 13.4 7.9 7.3 7.8
Million acres
Idled acres5 7.7 60.8 61.6 64.5 54.9 59.8 49.2 54.8 34.4
Interest rates: Percent
Real prime rate®’ 5.4 6.5 5.7 45 35 3.4 4.8 6.3 6.2
Nominal farm 11.7 12.8 12.3 11.3 9.3 8.7 8.6 10.3 9.7
machinery loan rate’
Real farm 8.4 8.4 8.0 7.5 6.5 5.3 6.3 7.8 7.6
machinery loan rate®’
Debt-asset rati08 17.4 16.5 16.4 16.5 16.0 15.7 15.6 154 15.0

F-forecast.

1 Includes service buildings, structures, and land improvements.
2 calculated using nominal dollar balance sheet data, excluding farm households, for December 31 of each year.

3 Excludes Commodity Credit Corporation loans.

4 Fiscal year.

5 Includes acres idled through commodity programs and acres enrolled in the Conservation Reserve Program.
6 Deflated by the Gross Domestic Product deflator.

7 Average annual interest rate. From the quarterly sample survey of commercial banks: Agricultural Financial Databook, Board of Governors of the

Federal Reserve System.

8 Outstanding farm debt divided by the sum of farm real and nonreal estate asset values.
Sources: USDA, ERS, 1997, 1996b, 1994a; FRS, 1995.
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Table 3.4.4—Prices paid indexes for selected production items and interest, annual averages

Farm Trucks and Fuels Feed Livestock Interest  Production GDP price

machinery autos and items, deflator

Year poultry interest,
taxes and
wage rates
1990-92 = 100 1992=100

1984 85 78 93 112 73 124 91 76
1985 85 83 93 95 74 106 87 78
1986 83 86 76 88 73 98 85 81
1987 85 88 76 83 85 96 87 83
1988 89 90 77 104 91 100 92 86
1989 94 93 83 110 93 106 97 90
1990 96 97 100 103 102 107 99 94
1991 100 100 104 98 102 100 100 97
1992 104 102 96 99 96 93 101 100
1993 107 105 93 101 104 87 102 103
1994 113 107 95 105 94 94 105 105
1995 121 107 94 105 82 101 109 108
1996 125 108 105 130 75 105 114 110
1997, Jan.-Apr., avg. 127 110 109 125 89 106 116 111

! Indexes are current, actual (undeflated) prices, weighted by the relative importance of component items that make up each individual category and
converted to the base year 1990-92=100 (USDA, 1990). First quarter, for 1997 GDP.

Source: USDA, ERS, based on NASS, 1996a, 1997; Council of Economic Advisers, 1997.

back farm machinery loans. Farm income is
determined from cash receipts, less production
expenses, and is an indication of cash flow available

to purchase farm machinery.

Farm machinery prices rosepércentaggoints from

1995 to 1996 (table 3.4.4)ncreased machinery

prices depress farm machinery demand (Conley,

1992; Cromarty, 1959). The April 1997 prices-paid
index (1990-92=100) for farm machinery was 127, 2
points above 1996; prices for trucks and autos also

rose 2 points. The price index for all production

items rose only 2 points.

The farm machinery nominal interest rate decreased
to 8.6 percent in 1994, the lowest in 9 years.
However, the real prime rate (adjusted for inflation)

reached a low in 1993 and steadily rose top@@ent
in 1995 (table 3.4.3). Both the nominal and real farm billion (6 percent) from 1995. Farm business debt,
machinery interest rates lag behind the prime rate and which has a dampening effect on farm machinery

fell in 1996—to 9.7 percent and 7.6 percent. Higher
interest rates have a negatgféect on farm

machinery investments (Kolajo and Adrian, 1986).
As interest rates rise, the total cost of machinery
bought on crediincreases, dampening purchases.

While the real rate reflects the actual cost of

AREI / Production Inputs

borrowing, the nominal rate likely has ma#ect on
machinery purchases because it is more obvious to
farmers. The importance of real versus nominal
interest rates depends on the extent that farmers take
into account expectations about inflation rates.

One of the more favorable farm machinery demand
indicators has been sizable increases every year since
1991 in the value of farm equity (assets minus debt).
Equity increased from $705 billion in 1991 to $880
billion in 1996. The increase in equity is due to large
jumps in asset values, primarily real estate. The
value of farm real estate assets has also increased
every year since9b1 (table 3.4.3). Total assets
include both real estate and nonreal estate items, and,
when increasing, have a positiviéeet on farm
machinery demand (Cromarty, 1959). Farm business
assets were $1,035 billion in 1996, an increase of $57

demand, was up $4.6 billion in 1996, an increase of 3
percent. When farm ety increases, more collateral
is available to finance farm machinery capital
expenditures. Farm equity increased again in 1996.
The ratio of debts to assets decreased to 15 percent
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Factors Affecting Demand for Farm Machinery

Agricultural exports —Exports of U.S. agricultural products (fiscal year October 1 through September 30).

Cashreceipts—Sales of all crop and livestock commodities. Cash receipts are like "money in the pocket" and cofrelate
closely with purchases of farm machinery.

Debt-asset ratie—Farm business debt divided by farm business assets. Lower debt/asset ratios mean more favofable
borrowing positions and more investment in tractors, combines, and other farm machinery.

Equity—Total assets minus debt. Farm equity represents a farmer’s net worth; the greater the equity, the more ¢ollat-
eral the farmer has available to back loans for capital investment.

Farm business debt—Real estate and nonreal estate debt.
Farm machinery loan rate—Average annual interest rate as reported in the quarterly survey of commercial banks|by

the Federal Reserve System (FRS, 1995). An inverse relationship exists between interest rates and the purchasg of farm
machinery. Lower interest rates imply greater purchases of farm machinery.

Idled acres—Cropland idled through commaodity programs or enrolled in the Conservation Reserve Program. Mole
land idled means less cropland to be cultivated, seeded, and harvested. Machinery is used less, prolonging uselul life.

Interest expenses-Interest on both real estate and nonreal estate debt.

Net cash income-Gross cash income (cash receipts, direct government payments, and farm-related income) minyis cash
expenses.

Net farm income—Gross cash income, nhonmoney income, and inventory adjustments minus total production expgnses.
Net farm income has a high correlation with machinery purchases when purchases are lagged several months b¢hind in-
come.

Nonreal estate assetstrcludes livestock, crops, machinery, motor vehicles, and financial assets.

Real estate assetsLand and service structures. Increasing assets place a farmer in a more favorable position fof ob-
taining capital investment loans.

Real prime rate—Bank prime rate, adjusted for inflation by the gross domestic product deflator.
Total production expenses—Total of cash expenses (inputs purchased, such as feed, seed, fertilizer, pesticides, fuel, re-

pairs, custom work, and labor; interest; rent; and property taxes) plus noncash expenses, which include capital
replacement and accidental damage.

from 1995 to 1996, the lowest ratio since the early high of $48.4 billion in 1994 (table 3.4.3). Cash

1960's, indicating a favorable borrowing position. receipts were up every year, 1992-96.

Farm income has a laggeffeet on machinergales, Commodity prices, a major determinant of cash
with higher purchases a year or more from the year of receipts, rose significély in 1996, especially for
increased income (Rayner and Ciog| 1968). wheat, corn, and soybeans. Increased codim
Increases in income have asfitve dfect on farmers’ prices, alone, with no changes in other input factors,
expectations about future income, which spurs would normally brighten the outlook for the farm
machinery demand. Net farm income is cash income economy and increase the demand for farm

plus or minus the value of inventory changes, machinery. Higher crop prices, coupled with large
nonmoney income, noncash expenses, and operator inventory adjustments, resulted in high net farm
dwelling expenses. Net farm income was up 7 income in 1996. Higher commodity pricase the
percent in 1996 t851.7 billion, from the previous result of low worldcarryoverstocks, primarily caused

by drought and adverse weather conditions in major
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grain growing countries. High prices also reflect the
high export demand for several major commodities.
Commodity exports were $60.4 billion in 1996, up
$4.6 billion from 1995, a®-percent increase (table
3.4.3). This is the highest level of commodity exports
in at least 10 years. Wheat, feedgrains, and oilseeds

investments at the farm level for equipment that will
quickly become obsolete as newer technology is
developed. The issue then becomes one of
managerial time required to learn and apply the
technology. Large-scale farmers may not be able to
spend as much time on this technology as

compose the largest share of commodity exports. The medium-scale farmers. Also, small-scale farmers who

upward trend in commaodity exports favors increased
investment in farm machinery.

In 1996, idled land decreased to 3dlion acres from
a high of 77.7 million in 1988. As Conservation

spend a lot of time working off the farm may not be
able to devote much time to precision farming.

Precision farming generally employs satellite
technology, which tracks equipment location within a

Reserve Program (CRP) contracts expire, some of thatfew meters in a field. Site-specific information is

land will come into production, possibly spurring
demand for farm machinery. Some farmers will still
have the same complement of machinery that existed
before they signed up for the CRP. Others who may
have put the entire farm in the CRP and reduced their
machinery inventories will need to obtain more
equipment. The overadiffect of reductins in CRP
acreage should be some increase in demand for farm
machinery.

Changes in Farming Practices and Machinery

Two major change factors influencing the farm
machinery industry are the emerging interest in
precision farming and the tnuing adoption of
conservation tillage and crop residue management
practices.

Precision Agriculture

The newest innovation in agriculture is the trend
toward computerized equipment that allows precise
guantity andplacement of inputs such as fertilizer,
seed, and pesticides (Christensen and Krause, 1995).
This new technology is known variously as precision
farming, site-specific farming, soil-specific crop
management, prescription farming, focused fertilizing,
spatially variable controlled crop production, and
site-specific nutrient management systems. Ideally,
precision farming will improve input efficiency and
reduce the use of chemicals and fertilizers.

However, unresolved questions need further research.
For example, what size of farming operation will
benefit most from precision farming? The complexity
and expense of the machinery and operations may
make precision farming more plausible by large-scale
operations, perhaps further concentrating U.S.
agriculture. On the other hand, the costs of yield
monitors, global positioning computers, and other
precision farming equipment gecreasing. And
expensive variable-rate fertilizer, pesticide, and
seeding equipment is being increasingly supplied by
dealers on a custom or rental basis, forestalling large
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important because crop yields can differ significantly
throughout a field. Computers record crop yields, soil
characteristics, and other data contirglpwvithin

each field. Fertilizers and pesticides can then be
specified from information in the computer data base.
This information is used to vary seed, fertilizer, and
pesticide quantities to site-specific field locations
(Robert and others, 1992).

Precision farming is still in its infancy. Equipment is
expensive; variable-rate fertilizer applicators cost as
much as $250,000. However, prices are declining as
manufacturers develop more efficient ways of
producing the specialized computers, receivers,
metering devices, and variable-rate seeders, sprayers,
and fertilizing equipment. Farmers also face time
constraints in learning precision farming. Few
courses or training sessions are available and most of
the subject matter is highly technical, involving
computers and spa-age locahg, monitoring, and
metering equipment.

Researchers at ARS (Agricultural Research Service,
USDA) and several universities are investigating the
relationships between soil conditions, moisture,
nutrient balances, and crop yields, and how these
relationships bear on input applications (USDA, NAL,
1994). The farm equipment industry alesearches
precision farming and has outpacedlpuresearch in
many areas. Preliminary research indicates improved
efficiencies in the use of fertilizers and pesticides.
Instead of broadcasting nutrients and chemicals across
the field, precision farming prescribes appropriate
amounts by soil, moisture, nutriglmdlance, and other
site-specific factors. In addition to improving input
inefficiency, precision farming has the potential to
lessen adverse environmentékets of current

farming practices. By improving input efficiency,
precision farming can reduce residual quas that

may otherwise enter streams and groundwater.
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While precision farming more commonly refers to Figure 3.4.4--Farm machinery exports, imports,
site-specific field tracking technology and and trade balance (exports minus imports),
computerized metering equipment, it may also apply  1990-96

to other innovations. Among the newest is a

g . = Billion dollars
cultivator that tillsbetween plants within a row 50 -
(Paulson, 1995). It incorporates video cameras and el
computer technology with robotics to eliminate weeds , , | //
to within one-third inch of the plant. It can operate at Bxports __ —~
speeds of up to 10 miles per hour, can be used at T—
night, and can distinguish between weeds and crops. 3.0 I Imports _.-*"
While still in the testing stage, it has promise for the e e
cultivation of row crops such as corn, cotton, lettuce 20 7 -7
and tomatoes. This technology could reduce the need Ba'w
for herbicides used to eliminate weeds. 10 ¢
Crop Residue Management 0.0 ‘ ‘ ‘ ‘ ‘ !

. . . ' 1990 1991 1992 1993 1994 1995 1996
The other major change occurring in the farm

machinery industry is the continuing development of ~ Source: USDA, ERS, based on unpublished U.S. Department of
conservation tillage machinery and equipment used '

for crop residue management. Tillage equipment
used to practice conseriat tillage involvesseveral
designs aimed at leaving at least@dcent ofthe soil
surface covered with crop residue. This new and
innovative machinery goes by various names,
including air drill, mulchmaster, mulch tiller, and
conservation disk chisel. Machinery is designed to
leave residue on the surface bing the ground
under the past crop residue instead of turning the
ground over and burying residue as was done with
moldboard plows and large offset disks.

Total imports and exports, and consequently the farm
machinery trade balance, can be volatile from year to
year. A single large sale of combines or irrigation
equipment can significantly affect total exports.
Changes in factors thaffect U.S. demand for farm
machinery will affect import totals. Both imports and
exports can increase and the trade balance decrease,
as happened in 1994 (fig. 3.4.4).

With conservation tillage, the ground is workieder Exports of farm machinery totaled $4.8 billion in

i i i : 1996, up 16 percent from 1995 (table 3.4.5). Imports
times during a crop cycle than with conventional S
tillage Ieav?ng molroe r)ésidue on the surface. for 1996, $3.0 billion, dereased 4 percent from 1995

Increased residue helps prevaerit srosion. No-till (table 3.4.6).

engages the ground just once, when planting the seed.
gag ¢ J P g The largest export category—tractor gear boxes,

axles, chassis, engines, brakes, differentials, wheels,
mufflers, exhausts, steering assembles, and parts and
accessories not elsewhere classified—accounted for
22 percent of farm machinery exports ($1.0 billion) in

Other benefits of crop residue management (and
fewer times over the field) are less machinery and
equipment wear and lower maintenance. Capital

expenditures are reduced as are fuel and labor costs. 100 h q
(See chapter 4.Zrop Residue Managemerior a 1996. Farm tractors over orsepower made up

discussion of trends in conservation tillage. See also 14 Percent of 1996 exports. Other big export items
USDA, ERS, 1994b, page 114, for a discussion of the Included combines and harvesters, horticultural
effects of these trends on farm machinery purchases.) gﬂ;:ﬁ?sem’ irrigation equipment, and agricultural

Farm Machinery Trade Canada was the major export market in 1996,

The United States had a trade surplus in farm accounting for 3percent of U.S. farm machinery
machinery of $1.85 billion in 1996, up from $1.04 exports. Canada was also the major supplier of farm
billion in 1995. Exports of farm machinery have machinery imports into the United States, accounting
exceeded imports fdhe last 7 years (fig. 3.4.4). for 22 percent ofll 1996 imports (USDA, ERS,

Major export and import countriegere Canada, the 1996b).

United Kingdom, Germany, and Japan.
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Table 3.4.5—U.S. farm machinery exports, 1990-96 !

Item 1990 1991 1992 1993 1994 1995 1996

Million dollars

Total 3,392 3,196 3,280 3,419 3,684 4,158 4,830
Tractors
Wheel tractors, 40-100 HP 16 12 18 31 45 98 109
Wheel tractors, over 100 HP 331 335 356 445 417 525 691
Wheel tractors, used & misc. 91 84 76 88 87 86 103
Crawlers, less than 160 HP?2 13 14 13 16 15 16 12
Crawlers, over 160 HP? 296 356 327 232 312 310 325
Crawlers, used? 17 25 21 16 21 18 16
Self-propelled combines 182 163 205 310 275 288 496
Other combines and harvesters 196 171 141 162 200 218 257
Balers 74 60 66 77 78 68 71
Mowers 42 46 47 55 65 51 42
Other haying equipment 49 34 34 52 52 46 43
Moldboard plows 2 1 1 1 1 0 0
Disc and other plows 9 10 11 15 15 12 17
Harrows and cultivators 28 27 29 43 45 40 50
Seeders and planters 36 29 34 46 52 39 82
Fertilizing equipment 18 22 22 23 27 22 26
Spraying equipment 10 22 24 22 23 25 26
Other seeding, fert., & spray equipment 61 80 84 94 119 116 124
Irrigation equipment 183 174 185 200 157 154 197
Horticultural equipment 179 95 154 176 180 185 229
Crop market preparation equipment 57 65 69 78 61 91 75
Cleaning and grading equipment 21 18 21 17 20 23 27
Dairy equipment 53 54 58 64 72 82 79
Poultry equipment 65 95 101 88 113 132 142
Other livestock equipment 43 49 48 56 60 54 70
Agricultural tools 24 27 41 21 22 20 24
Agricultural engines2 315 269 312 253 197 316 427
Gear boxes, axles, and assemblies? 969 846 758 711 925 1,096 1,046
Trailers, wagons and parts 13 13 20 27 26 25 24

1 Some items may not be comparable to previous ERS trade data due to reclassification. Total exports may differ from those derived by other
agencies due to inclusion or exclusion of specific categories.

2 Includes industrial and other non-agricultural uses.
Source: USDA, ERS, based on unpublished U.S. Department of Commerce data.

Author: Marlow Vesterby, (202) 219-0422 Council of Economic Advisers (199 Fconomic Indicators
[vesterby@econ.ag.gov] U.S. Government Printing Office. Feb.
Cromarty, William A. (1959).The Demand for Farm Ma-
References chinery and Tractors Technical Bulletin 275. Michi-
Christensen, Lee E., and Kenneth R. Krause (1995). “Preci- gan State University. East Lansing. Nov.
sion Farming: Harnessing Technologggricultural
Outlook AO-218. May. Equipment Manufacturers Institute (EMI) (various years).

Monthly Flash ReportChicago, IL.
Conley, Dennis M. (1992). “New Tractor Sales in the U.S.”
Directions. Agricultural Economics Newsletter. Vol. Federal Reserve System (FRS), Board of Governors (1995).
2, No. 3. University of Nebraska, Lincoln. Agricultural Financial Data book
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Table 3.4.6—U.S. farm machinery imports and trade balance, 1990-96 !

Item 1990 1991 1992 1993 1994 1995 1996

Million dollars

Total 2,545 1,945 2,083 2,210 2,932 3,120 2,981
Tractors
Wheel tractors, 40-100 HP 718 547 569 565 699 722 623
Wheel tractors, over 100 HP 183 172 188 137 202 220 232
Wheel tractors, used & misc. 97 46 38 59 129 133 115
Crawlers, less than 160 HP 129 82 93 149 204 187 184
Crawlers, over 160 HP 9 2 47 15 36 140 82
Crawlers, used 4 1 1 5 8 4 4
Self-propelled combines 22 18 15 16 25 25 17
Other combines and harvesters 124 95 93 121 113 130 136
Balers 79 71 62 55 67 77 55
Mowers 77 60 60 64 72 73 65
Other haying equipment 33 26 21 33 45 50 35
Moldboard plows 6 6 3 3 1 1 1
Disc and other plows 44 32 27 22 22 21 24
Harrows and cultivators 190 128 118 122 143 138 155
Seeders and planters 40 19 26 56 53 a7 66
Fertilizing equipment 17 14 15 16 16 14 14
Spraying equipment 20 12 13 14 14 15 19
Other seeding, fert., & spray equipment 22 21 22 25 29 26 33
Irrigation equipment 7 13 19 17 11 12 16
Horticultural equipment 37 27 27 36 43 44 41
Crop market preparation equipment 20 16 19 20 23 24 29
Cleaning and grading equipment 8 9 9 15 17 12 10
Dairy equipment 18 11 19 18 18 21 20
Poultry equipment 21 27 25 22 25 25 31
Other livestock equipment 25 18 21 23 28 31 29
Agricultural tools 55 35 39 40 43 44 45
Agricultural engines 87 58 71 69 104 127 80
Gear boxes, axles, and assemblies 446 376 419 468 734 746 804
Trailers, wagons and parts 7 4 4 6 8 9 12
Balance: exports minus imports 847 1,251 1,197 1,209 753 1,039 1,849

1 Some items may not be comparable to previous ERS trade data due to reclassification. Total imports may differ from those derived by other
agencies due to inclusion or exclusion of specific categories.

Source: USDA, ERS, based on unpublished U.S. Department of Commerce data.

Kelsey, T.W. (1991). “Fatal Farm Accidents in New York: Massachusetts Medical Society (1995). “Farm-Tractor-Re-

Estimates of Their CostsNJARE Northeast Journal of lated Fatalities--Kentucky, 1994Morbidity and Mor-
Agricultural Economics Oct. tality Weekly ReportJuly.

Kolajo, Ebenezer F., and John L. Adrian (1986). “Structural McGath, Chris, and Roger Strickland (1995). “Accounting
Analysis of Farm Machinery Demand in the United for the Cost of Capital Inputs&gricultural Income and
States.” North Central Journal of Agricultural Econom- Finance, Situation and Outlook RepoAIS-58. U.S.
ics. Vol. 8, No. 2. July. pp. 283-293. Dept. of Agr., Econ. Res. Serv. Sept.
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Robert, P.C., R.H. Rust, and W.E. Larson. (198)il-Spe- (1994b) Survey of Plant CapacityMQ-C1(92)-1.
cific Crop ManagementExecutive summary of work-
shop on research and development issues. Dept. of SoilU.S. Dept. of Health and Human Services (1992), National
Science and Extension Service, Univ. of MN Apr. Institute for Occupational Safety and Healtfarm
Safe 2000 Spring.
Rayner, A.J., and Keith Cowling (1968). “Demand for Farm
Tractors in the United States and the United Kingdom.”
American Journal of Agricultural Economic¥ol. 50,
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PRODUCTION MANAGEMENT

4.1 Production Management Overview

Production management deals with how farmers combine
land, water, commercial inputs, labor, and their
management sKills into systems and practices that produce
food and fiber. To sustain production over time, farmers
must make a profit and preserve their resource and
financial assets. Society wants food and fiber products
that are low-cost, safe to consume, and aesthetically
pleasing; and production systems that preserve or even
enhance the environment. These often competing goals
and pressures get reflected not only in the inputs made
available for production, but also in how the inputs are
combined and managed at the farm level. Increasingly,
farmers are facing economic and societal pressures to
change from traditional or conventional systems to
improved or alternative ways of managing production.

Production management encompasses various ¢ Nutrient management—determining and applying
challenges that the farmer must meet to produce the nutrients required to foster crop yields and farm
food and fiber: profitability, while reducing nutrient loss to the envi-
ronment.

e Crop residue management-deciding how much
crop residue to leave on the soil surface to protect e [rrigation water management—determining water
soil and conserve moisture, based on topography, needed for crop growth and applying that water effi-
soil conditions and erosion, pests, and climate. ciently, considering water availability and offsite

water guantity/quality impacts.

e Cropping management—deciding what crops to
grow and in what sequence, based on rate of return, These management challenges are each examined
weather, soil, government programs, pests, and more fully in chapters 4.2-4.6, including the types and

available machinery. prevalence of conventional and alternative systems
and practices, and the economic and other factors
» Pest management-determining pest threats to affecting their use. New technology (such as
crop growth and quality and what actions to take, precision agriculture and genetically engineered
mindful of food and worker safety and environ- seeds) and increasing interest in organic and
mental impacts. sustainable agriculture arffexting some farmers’

production management decisions.

154 AREI / Production Management



PRODUCTION MANAGEMENT

4.2 Crop Residue Management

Crop residue management (CRM), which calls for fewer
and/or less intensive tillage operations and preserves
more previous crop residue, is designed to protect soil
and water resources and to provide additional
environmental benefits. CRM is generally cost-effective
in meeting conservation requirements and can lead to
higher farm economic returns by reducing fuel,
machinery, and labor costs while maintaining or
increasing crop yields. Conservation tillage, the major
form of CRM, was used on almost 104 million acres in
1996, over 35 percent of U.S. planted cropland area.

Contents
Why Manage Crop Residue? .......ccccoeiimeiiiiiiiiieecene 155
National and Regional CRM USe ........cccccveiiiiiiienennnne 158
CRM Use 0N MaJor CrOPS.....ccovuveeeeeeenieieeeeeeeieieee e 160
Factors Affecting CRM AdOopLion ..........ccccoeeeereevenennnn. 163
Effects of CRM on Groundwater Quality.................. 170

Crop residue management (CRM) systems include technology. CRM can benefit society through an
reduced tillage or conservation tillage practices improved environment, and farmers through enhanced
such as no-till, ridge-till, and mulch-till as well as the farm economic returns. However, adoption of CRM
use of cover crops and other conservation practices may not lead to clear environmental benefits in all
that provide sufficient residue cover to help protect regions and, similarly, may not be economically

the soil suface fromthe erosive effects of wind and profitable on all farms. Some questions remain.

water (see box, "Crop Residue Management and Public and private interests are continuing cooperative

Tillage Definitions," p. 156). efforts to address the barriers to realizing greater
benefits from CRM practices. For examplecent

Why Manage Crop Residue? advances in planting equipment permit seeding new

crops through heavier dace residuénto untilled
soil and even directly into killed sod. Long-term
effects of CRM can include:

Historically, crop residues were removed from farm
fields for livestock bedding, feed, and/or other

off-field purposes. Whatever residues remained on the
fields after harvest were burned off primarily to

control pests, plowed under, or tilled into the soil.
Culturally, some farmers take pride in having their
fields "clean" of residue and intensivellfetd to

obtain a smooth swate in preparain for planting.

More recently, farmers have adopted CRM
practices—with government encouragement—because
of new knowledge about the benefits of leaving
greater residue and the availépibf appropriate

Reduced Erosion Tillage systems that leave
substantial amounts of crop residue evenly distributed
over the soil sdace reducevind erosion and the

kinetic energy impact of rainfall, increase water
infiltration and moisture retention, and reducefete
sediment and water runoff (Edwards, 1995). Several
field studies (Baker and Johnson, 1979; Glenn and
Angle, 1987; Hall and others, 1984; Sander and
others, 1989) conducted on small watersheds under
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Crop Residue Management and Tillage Definitions

Little or no management

of residue Crop Residue Management (CRM)
Conventional tillage Reduced tillage Conservation tillage
Mulch-till Ridge-till No-Till

Moldboard plow or No use of moldboard Further decrease Only ridges are tilled No tillage
intensive tillage used plow and intensity in tillage (see below) (see below) performed (see

of tillage reduced below)
< 15% residue 15-30% residue - 30% or greater residue cover remaining-----
cover remaining cover remaining

Crop Residue Management (CRM)is a year-round conservation system that usually involves a reduction in the n
ber of passes over the field with tillage implements and/or in the intensity of tillage operations, including the elimi
of plowing (inversion of the surface layer of soil). CRM begins with the selection of crops that produce sufficient

m-
hation
quan-

crops. CRM includes all field operations that affect residue amounts, orientation, and distribution throughout the
requiring protection. Site specific residue cover amounts needed are usually expressed in percentage but may
pounds. Tillage systems included under CRM are conservation tillage (no-till, ridge-till, and mulch-till) and reducq
tillage.

tities of residue to reduce wind and water erosion and may include the use of cover crops after low residue-proi\Fcing

eriod
so be in
d

Conservation Tillage—Any tillage and planting system that covers 30 percent or more of the soil surface with crop resi-

due, after planting, to reduce soil erosion by water. Where soil erosion by wind is the primary concern, any systd
maintains at least 1,000 pounds per acre of flat, small grain residue equivalent on the surface throughout the criti
wind erosion period. Two key factors influencing crop residue are 1) the type of crop, which establishes the initial
due amount and its fragility, and 2) the type of tillage operations prior to and including planting.

Conservation Tillage Systems include:

No-till—The soil is left undisturbed from harvest to planting except for nutrient injection. Planting or drilling is
accomplished in a narrow seedbed or slot created by coulters, row cleaners, disk openers, in-row chisels, or
roto-tillers. Weed control is accomplished primarily with herbicides. Cultivation may be used for emergency wq
control.

Ridge-till—The soil is left undisturbed from harvest to planting except for nutrient injection. Planting is complg
in a seedbed prepared on ridges with sweeps, disk openers, coulters, or row cleaners. Residue is left on the
between ridges. Weed control is accomplished with herbicides and/or cultivation. Ridges are rebuilt during
cultivation.

Mulch-till —The soil is disturbed prior to planting. Tillage tools such as chisels, field cultivators, disks, sweeps
blades are used. Weed control is accomplished with herbicides and/or cultivation.

Reduced Tillage (15-30% residue}-Tillage types that leave 15-30 percent residue cover after planting, or 500-1,0(
pounds per acre of small grain residue equivalent throughout the critical wind erosion period. Weed control is acq
plished with herbicides and/or cultivation.

Conventional Tillage (less than 15% residue)-Tillage types that leave less than 15 percent residue cover after plg
ing, or less than 500 pounds per acre of small grain residue equivalent throughout the critical wind erosion perioq

m that
cal
resi-

ed

ted
surface

, Or

0
om-

nt-
.

Generally includes plowing or other intensive tillage. Weed control is accomplished with herbicides and/or cultivagion.

Conventional Tillage Systems (as defined in the Cropping Practices Survey):

Conventional tillage with moldboard plow-Any tillage system that includes the use of a moldboard plow.

Conventional tillage without moldboard plowAny tillage system that has less than 30 percent remaining residu
cover and does not use a moldboard plow.

Source: USDA, ERS, based on Bull, 1993, and Conservation Tillage linformation Center, 1996.

[
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natural rainfall on highly erodible land (14 percent Figure 4.2.1--National use of crop residue

slope) have compared eims rates among tillage management, 1989-96
systems. Compared with the moldboard plow, no-till
reduces soil erosion by as much agp@fcent and Percent of acres planted
mulch-till and ridge-till by up to 70 percent. 100

- Conventional
Cleaner Surface Runoff Surface resiges help 80| tillage (<15%
intercept nutrients and chemicals and hold them in i residue)

place until they are used by the crop or degrade into I
harmless components (Dick and Daniel, 1987; 0 .
Helling, 1987; Wagenet, 1987). In addition, the I §

g
s
RRREs]

RS

filtering action of increased organic matter in the top 40
layer of soil results irleaner runoff (by reducing -

L = 3 Reduced
tillage (15-30%
residue)
Mulch-till

contaminants such as sediment and adsorbed or 20 o
dissolved chemicals), and thus benefits water quality ! || = =[] [ Ridge-til
in lakes and streams (Onstad and Voorhees, 1987; = ] No-till
Conservation Technology Information Center or 019891900 1991 1992 1993 1994 1995 1996

CTIC, 1996) Studies under field conditions indicate Source: USDA, ERS, based on Conservation Technology
that while the quantity of water runoff from no-till Information Center data.

fields was variable depending on the frequency and
intensity of rainfall, clean-tilled soil surfaces produce
substantially more runoff (Edwards, 1995). Runoff
from no-till and mulch-till fieldsaveraged about 30
and 40 percent of the amounts from
moldboard-plowed fields (Baker and Johnson, 1979;
Glenn and Angle, 1987; Hall and others, 1984;
Sander and others, 1989). Average herbicide runoff
losses from treated fields with no-till and mulch-till
systems for all products and g#ars were about 30
percent of the runoff levels from moldboard-plowed
fields (Fawcett and others, 1994). Under normal
production conditions, the presenceirafreased crop
residue reduces the volume of contaminants
associated with runoff to surface waters by
constraining sediment losses and enhancing
infiltration (Edwards, 1995; Fawcett, 1987).

Possible Higher Economic ReturnsCRM may

result in highereconomic returns from increased or
stable crop yields and lower input costs. CRM
systems usually involve fewer trips over a field,
resulting in reduced fuel and labor requirements and
lower machinery operating costs. Whether CRM in
fact reduces total costs of production for farmers
depends on the magnitude of the cost savings from
reduced tillage operations relative to the other
possible costs affected by CRM practices. For
example, there may be increased costs associated with
the need for specialized equipment to handle high
residue on the soil surface, and increased
management, labor, and materials to effectively
control pest infestations. Moreover, whether CRM
results in higher net returns from farming depends on
the effects of CRM practices on yields as well as
costs. Farmers continualfgice tradeoffs between
advantages and limitations in choosing the tillage
system most appropriate for their conditions.

Higher Soil Moisture and Water Infiltration Crop
residues on the soil dace $ow water runoff by

acting as tiny dams, reduce @gé crust formation,

and enhance infiltration (Edwards, 1995). The
channels (macropores) created by earthworms and old
plant roots, when left intact with no-till, improve
infiltration to help reduce or eliminate field runoff.
This raises the prospect of increased water infiltration
carrying agricultural chemicals into the groundwater
in specific situations (more discussion later of
groundwater effects). Conmed with reduced water
evaporation from the top few inches of soil and with
improved soil characteriss, the higher level of soil
moisture can contribute to higher crop yields in many
cropping and climatic situations (CTIC, 1996).
However, in some areas, soil moisture levels can also
be too high for optimal crop growth or leave soils too
cool and wet at planting time, thereby reducing yields.

Improved Long-Term Soil Productivity Less

intensive tillage reduces the breakdown of crop
residues and the loss of soil organic matter. The less
a soil is tilled, the more carbon is sequestered in the
soil to build organic matter and maintain long-term
productivity. No-till improves soil structure (tilth) by
increaing soil particle aggregation (small soil
clumps), which facilitates water movement through
the soil and enables plants to expend less energy to
establish roots. No-till can also help to minimize soll
compaction througfewer trips over the field and
reduced weight and horsepower requirements (CTIC,
1996).
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Table 4.2.1—National use of crop residue management practices, 1989-96

1

Item 1989 1990 1991 1992 1993 1994 1995 1996
Million acres
Total area planted2 279.6 280.9 281.2 282.9 278.1 283.9 278.7 290.2
Area planted with:
No-till 141 16.9 20.6 28.1 34.8 39.0 40.9 42.9
Ridge-till 2.7 3.0 3.2 34 35 3.6 34 34
Mulch-till 54.9 53.3 55.3 57.3 58.9 56.8 54.6 57.5
Total conservation tillage 717 73.2 79.1 88.7 97.1 99.3 98.9 103.8
Other tillage types:
Reduced tillage (15-30% residue) 70.6 71.0 72.3 73.4 73.2 73.1 70.1 74.8
Conv. tillage (< 15% residue) 137.3 136.7 129.8 120.8 107.9 111.4 109.7 111.6
Total other tillage types 207.9 207.7 202.1 194.2 181.0 184.6 179.7 186.4
Percentage of area with: Percent
No-till 51 6.0 7.3 9.9 12.5 13.7 14.7 14.8
Ridge-till 1.0 11 11 12 12 13 1.2 1.2
Mulch-till 19.6 19.0 19.7 20.2 212 20.0 19.6 19.8
Total conservation tillage 25.6 26.1 28.1 314 349 35.0 35.5 35.8
Other tillage types:
Reduced tillage (15-30% residue) 25.3 25.3 25.7 25.9 26.3 258 25.2 25.8
Conv. tillage (< 15% residue) 49.1 48.7 46.1 42.7 38.8 39.3 39.3 384
Total other tillage types 74.4 73.9 71.9 68.6 65.1 65.0 64.5 64.2

! For tillage system definitions, see box "Crop Residue Management and Tillage Definitions," p. 156.

2 Total area planted does not include newly established permanent pastures, fallow, annual conservation use, and Conservation Reserve Program
(CRP) acres. However, it does include newly seeded alfalfa and other rotational forage crops in the year they are planted.

Source: USDA, ERS, based on Conservation Technology Information Center (CTIC) data from Crop Residue Management Surveys.

Reduced Release of Carbon Gases and Air
Pollution. Intensive tillage contributes to the
conversion of soil carbon to carbon dioxide, which in
the atmosphere can combine with other gasedféat
global warming. Increased crop residue and reduced
tilage enhance the level of naturally occurring carbon
in the soil and contribute t@wer carbon dioxide
emissions. In addition, CRM requirkswer trips

across the field and less horsepower, which reduces
fossil fuel emissions. Crop residues reduce wind
erosion and the generation of dust-caused air
pollution (CTIC, 1996).

National and Regional CRM Use

In 1996, U.S. farmers practiced conservation tillage
on almost 104 millioracres, up from 72 nlibn acres
in 1989 (table 4.2.1). Conservation tillage now
accounts for more than 35 percent of U.S. planted
crop acreage (fig. 4.2.1). ddt of the growth in
conservation tillage since 1989 has come from
expanded adoption of no-till, which can leave as
much as 70 percent or more of tlo#l surface
coveredwith crop residues. Use of no-tikactices
increased as farmers implemented conservation
compliance plans from 1990 to 1995 as required

158

under the Food Security Act and subsequent farm
legislation.

The Corn Belt and Northern Plains, with pércent

of the Nation’s planted cropland, accounted for
three-fifths of total conservatidillage acres in 1996
(fig. 4.2.2). These regions, plus the Lake States,
Mountain region, and Southern Plains, have
substantial ereage with 15-30 percent rége cover
which, with improved crop residue management, has
the potential to qualify as conservation tillage (which
requires 30 percent or more surface residue cover).

U.S. crop area planted with no-till tripled to almost
43 million acres betweeh989 and 1996, while the
area planted with clean tillage systems (less than 15
percent residue cover) declined by about one-fifth.
Since 1989, no-till's share of conservation tillage
acreage has increased while the share with mulch-till
and ridge-till has remained fairly stable (fig. 4.2.1).
No-till's share of conservation tilledea is greater in
the six eastern regions than elsewhere (fig. 4.2.3).
The aftereffects of the 1993 Midwest floods resulted
in a slight decline during 1994 arcres planted
(percent) with conservation tillage, mostly in mulch
tillage, in the Corn Belt and Lake States (fig. 4.2.4).
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Figure 4.2.2--Crop residue levels on planted acreage by region, 1996
36
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Source: USDA, ERS, based on Conservation Technology Information Center data.

Figure 4.2.3--Applied conservation tillage practices, 1996
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Appalachian

/
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Circle size represents conservation tillage area in million acres
(range in ascending size).

Source: USDA, ERS, based on Conservation Technology Information Center data.
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Figure 4.2.4--Conservation tillage use by region, 1989-96
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Over 1989-96, the share of acres planted with no-till
showed an increase for most years in nearly all
regions (fig. 4.2.4).

greater for row crops (that is, corn and soybeans) than
for small grains or sorghum (fig. 4.2.5). Fields

planted to row crops tend to be more susceptible to
erosion because these crops provide less vegetative
cover, especially earlier in the growing season. On
double-cropped fields, conservation tillage was used
on more than two-thirds of soybean acreage, more
than half of corracreageand about half of sorghum
acreage. The use of no-till with double-cropping

CRM Use on Major Crops

Conservation tillage was used mainly on corn,
soybeans, and small grains in 1996. Over 45 percent
of the total acreage planted to corn and soybeans was
conservation-tilled. Expanded use of no-till has been
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Figure 4.2.5--Conservation tillage use
by major crop, 1989-96
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facilitates getting the second crop planted quickly and
limits potential moisture losses from the germination
zone in the seedbed, allowing greater fléiybin
cropping sequence or rotation (Sandretto and Bull,
1996).

The 1988-95 Cropping Practices Surveys (CPS)
provide detailed data on residue levels and tillage
systems for individual field crops in major producing
States (for more discussion, see "Cropping Practices
Survey" in the appendix). The advantages of the CPS
for analysis of CRM is that it allows the linking of
CRM practices to other relevant details about the
farm production system, such as the type of tillage
equipment used and the number of trips made over a
field. These annual surveys indicate a decline in the
use of the moldboard plow and other conventional
tillage systems and an increase in the use of all types
of conservation tillage for most of the major field
crops. Less than 10 percenttbé surveyed area in
major producing States used a moldboard plow in
1995, down from 2@ercent in 988.

Corn. Tillage systems used for corn production in
the 10 major producing States indicate a trend toward
the use of conservation tillage systems (table 4.2.2).
No-till systems were used on pércent of the

acreage in 1995, up from only 5 percent in 1989, and
exceeded 20 percent in several CBagit States.
Ridge-till systems increased to 3 percent of the total
acreage, but this expansion was mainly confined to
Nebraska and Minnesota. A moldboard plow was
used on 8 percent of 1995 corn acres, down from 20
percent in 1988.

Soybeans Soybean production also indicated a trend
toward greater use of conservattillage systems.

The 14 major soybean producing States were divided
into northern and southern areas. The northern area
showed a steady increase in no-till system use from 3
percent of the acreage in 1988 tof&fcent in 295.

At the same time, mulch-till increased from 14 to 24
percent and use of the moldboard plow dropped from
28 to 8 percent. Themall share of soybean aage
with ridge-till was located mainly in Nebraska and
Minnesota, where some soybeans are grown in
rotation with ridge-till corn. The southeanea
increased no-till system use fronpé&rcent of the
acreage in 1988 to 25 percent 905.

Cotton Nearly all cotton was produced using
conventional tillage methods in the six major cotton
States. However, use of the moldboard plow
decreased ttess than one-half of the 1988 level.
Arizona, California, and parts of Texas have State
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Table 4.2.2—Tillage systems used in field crop production in major producing States, 1988-95

1

ltem Unit 1988 1989 1990 1991 1992 1993 1994 1995
Corn (10 States) 1,000 acres? 53,200 57,900 58,800 60,350 62,850 57,350 62,500 55,850
Residue remaining after planting Percent 19 19 22 24 27 29 30 29
Conventional tillage Percent of acres 80 78 74 70 61 58 57 59
With moldboard plow 20 19 17 15 12 9 8 8
Without moldboard plow 60 59 57 55 49 49 49 51
Conservation tillage 21 22 27 30 39 42 43 41
Mulch-till 14 17 18 20 25 24 23 21
Ridge-till * * * * 2 3 3 3
No-till 7 5 9 10 12 15 17 17
Northern soybeans (7 States) 1,000 acres? 36,550 37,750 36,400 38,850 38,150 42,500° 43,750% 41,700
Residue remaining after planting Percent 17 19 19 25 28 35 36 38
Conventional tillage Percent of acres 83 77 74 66 59 52 47 45
With moldboard plow 28 26 23 18 12 8 9 8
Without moldboard plow 55 51 51 48 47 44 38 37
Conservation tillage 17 22 27 35 41 48 53 54
Mulch-till 14 18 21 25 26 25 26 24
Ridge-till * * * * 1 1 1 1
No-till 3 4 6 10 14 22 26 30
Southern soybeans (7 States) 1,000 acres? 12,200 13,380 11,850 10,800 10,480 NA? NA* 10,140
Residue remaining after planting Percent 14 15 19 17 18 NA NA 27
Conventional tillage Percent of acres 88 87 81 83 79 NA NA 68
With moldboard plow 3 4 4 3 3 NA NA 1
Without moldboard plow 85 82 78 80 76 NA NA 67
Conservation tillage 12 15 19 17 24 NA NA 32
Mulch-till 5 5 7 6 8 NA NA 7
Ridge-till * * * * id NA NA nr
No-till 7 10 12 11 14 NA NA 25
Upland cotton (6 States) 1,000 acres? 9,700 8,444 9,730 10,860 10,200 10,360 10,023 11,650
Residue remaining after planting Percent 2 2 3 3 3 2 3 3
Conventional tillage Percent of acres 100 99 98 97 100 99 99 98
With moldboard plow 28 15 14 21 12 16 10 13
Without moldboard plow 72 84 84 76 88 83 89 85
Conservation tillage id id 2 2 id 1 1 2
Mulch-till id id 1 1 id o o ok
No-till id id 1 1 id 1 1 1
Winter wheat (12-15 States)5 1,000 acres? 32,830 34,710 40,200 34,180 36,990 37,210 34,590 34,265
Residue remaining after planting Percent 17 17 18 17 19 18 18 20
Conventional tillage Percent of acres 82 84 81 84 79 80 83 78
With moldboard plow 15 16 12 12 11 6 8 11
Without moldboard plow 67 68 69 72 68 76 75 67
Conservation tillage 17 16 20 16 21 18 17 22
Mulch-till 16 15 17 13 18 14 12 15
No-till 1 1 3 3 3 4 5 7
Spring and durum wheat  (4-5 States)6 1,000 acres? 12,280 19,580 18,900 16,500 19,550 18,900 19,700 18,700
Residue remaining after planting Percent 18 22 22 24 23 25 25 22
Conventional tillage Percent of acres 7 68 73 66 68 65 64 73
With moldboard plow 14 8 10 7 8 8 7 6
Without moldboard plow 63 60 63 59 60 57 57 67
Conservation tillage 23 32 27 34 32 35 36 29
Mulch-till 22 31 25 31 26 28 30 22
No-till 1 1 2 3 6 7 6 5
Total acres surveyed 1,000 acres? 156,760 171,764 175,880 171,040 178,220 166,320 170,563 172,305
Conventional tillage Percent of acres 82 79 77 74 69 65 63 64
With moldboard plow 19 17 15 14 11 8 8 8
Without moldboard plow 63 62 62 60 58 57 55 56
Conservation tillage 18 21 23 26 31 35 37 36
Mulch-till 13 17 17 19 21 21 21 19
Ridge-till * * * * 1 1 1 1
No-till 5 4 6 7 9 13 15 16

id = Insufficient data. * = Included in no-till for these years. ** = Less than 1 percent. NA = Not available.! For the States included, see "Cropping
Practices Survey" in the appendix. For tilla age system definitions, see box "Crop Residue Management and Tillage Definitions." Prellmmary Planted
acres except for winter wheat (harvested). * May not add due to rounding. 4 Arkansas in 1993 and 1994 is included in Northern area. Previously, Ar-
kansas was included with GA, KY, LA, MS, NC, and TN (all not surveyed in 1993 and 1994) to comprise Southern area. > Winter wheat includes 15
States in 1988-89 and 1991-92; 12 States in 1990; and 13 States in 1993-95. Spnng wheat includes 5 States in 1988-89 and 4 States in 1990-95.
Durum wheat includes only ND. Source: USDA, ERS, Cropping Practices Survey data.
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"plow-down" laws requiring that the cotton plant be economic returns in specific geographic areas or
disposed of to eliminate the over-winter food source situations, negative attitudes or perceptions, and

for bolliworms and boll weevils. Some producers institutional constraints.
have misinterpreted these laws to mean that the
previous crop must be plowed under with a Prospects for Higher Economic Returns

moldboard plow. California producers mainly use
multiple passes with a heavy disk. In soaneas of
Texas, the moldboard plow is also used to bring up

clay subsoil in order to cover the soil a.0& with both heavily dependent on characteristics of the

clods to help control wind erosion. The large number roq4rce base and appropriate management (Clark and
of tillage trips across the field (averaging 6.1) leaves  5inarg 1994).

very little residue, even without use of the moldboard
plow. Research is being conducted in a number of
cotton producing States on the use of strip-till and
no-till systems and the "stale seedbed" system, which
uses cover crops or weeds to provide vegetative cover
on the field from harvest to the next planting season.

Higher economic returns with CRM result primarily
from some combination of increased or stable crop
yields and an overall reduction in input costs, with

Yield Response Yield response with soil-conserving
tillage systems varies with location, site-specific soil
characteristics, climate, cropping patterns, and level
of management skills. In general, long-term field
trials on well-drained to moderately well-drained soils
or on sloping land show slightly higher no-till yields,
particularly with crop rotations, compared with
conventional tillage (Hudson and Bradley, 1995;
CTIC, 1996). Experienced no-till farmers claim
greater yields from increased infiltration and
improved soil properties such as reduced erosion and
soil compaction, increased soil organic matter and

Winter Wheat Except for 1994 and 1995, a steady
decline in moldboard plow use occurred in winter
wheat production since 1988 (table 4.2.2).
Meanwhile, no-till and conventional tillage without
the plow showed a corresponding increase. The
heavy rains and flooding in some States during 1993

affected planting of the 1994 crop. Siltation from earthworm activity, and improved soil structure (tilth)
flooding and the impact from heavy rains ni@ve in 4-7 years from when the system becomes

contributed to increased use of the moldboard plow in established (CTIC, 1996). A mulch-till s
, ) ystem may
1994 and 1995 (Bull and Sandretto, 1996). be more appropriate where soil varies greatiyiwia

. L . field, where pre-plant incorporated herbicides are
Spring and Durum Wheat Variations in the type of used for weed control, or where equipment or

tilage system used in the production of spring and  anagement limitations preclude the use of no-till or
durum wheat may be partly due to weather-soil ridge-till (CTIC, 1996).

relationships in thareas producinthese crops.

Much of the wheat produced in tBeatPlains and

the Western States is grown after a fallow period.
Implement passes made during the fallow year are
included in determining residue levels, hours per acre,
and trips over the field. Normal fallow procedure in
these regions starts with chisel plowing and other

The benefits from improved moisture retention in the
root zone—that derive from reduced water runoff,
increased infiltration, and suppressed evaporation
from the soil sudice—usually increase crop yields,
especially under dry conditions. In soareas of the

. 2 X . : northern Great Plains, these benefits permit a change
noninversion tillage operations in the fall instead of a j, the cropping pattern to reduce the frequency of

pass with a moldboard plow. For these regions, moisture-conserving fallow periods (Clark and others,
therefore, more trips over the field occur under 1994).

conventional tillage without the moldboard plow than

for tillage with the moldboard plow. Increased crop residue on the soilface tends to

keep soils cooler, wetter, and less aerated (Mengel

Factors Affecting CRM Adoption and others, 1992). These characteristics under cool,
The trend toward adoption of conservation tillage and Wwet planting conditions, especially in some Northern
a corresponding decline in clean tillage has been States, have been blamed for delayed plantings,

stimulated by the prospect of higher economic returns uneven stands, and lower corn yields (Griffith and
with conservation tillage and by public policies and  others, 1988). However, with hot, dry weather later

programs promoting conservation tillage for its in the growing season, the effects of increased
conservation benefits. The major limitations to organic matter, improved moisture retention and
adoption of soil-conserving tillage systems for some  permeability, and reduced nutrient losses from erosion
farmers include additional management skill all benefit crop yields. No-till is particularly well

requirements, expectations ofiler crop yields and/or ~ suited for double-cropping because farmers can plant
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Table 4.2.3—Pesticide use on corn by tillage system, 10 major producing States, 1994%
Conventional tillage

ltem with moldboard  without moldboard Mulch tillage No tillage Ridge tillage
plow plow

Treated acres as a percent of total planted

Herbicides

Any herbicide 93.4 98.0 98.6 99.2 99.0

(Avg. Ibs./treated acre) (2.2) (2.8) 2.7) (3.3) (2.0)

Major active ingredients:
Atrazine 52.3 66.5 66.6 84.0 78.1
Cyanazine 19.5 18.4 18.5 35.0 10.5
Acetochlor 2.2 7.6 8.3 4.4 6.2
Alachlor 18.0 17.2 16.4 18.1 21.3
Metolachlor 24.1 329 35.4 28.4 42.3
Nicosulfuron 18.1 125 147 10.4 7.9
Pendimethalin 5.2 2.6 21 1.7 *
2,4-D 8.9 11.2 11.6 25.8 15.3
Dicamba 29.0 28.7 36.0 20.6 22.4
Glyphosate 1.3 0.9 1.7 18.7 4.4
Bromoxynil 8.5 9.9 11.7 6.0 10.9

Insecticides

Any insecticide 24.2 239 26.9 26.6 51.9

(Avg. Ibs./treated acre) (1.0) (0.8) (0.8) (0.7) (0.9)

Major active ingredients:
Chlorpyrifos 10.2 75 7.7 6.7 6.0
Fonofos 3.9 2.3 1.9 1.2 9.6
Methyl parathion * 18 18 2.7 20.6
Terbufos 4.7 6.1 7.6 6.2 10.2
Permethrin * 2.7 2.3 6.7 6.8
Tefluthrin * 34 4.4 3.9 5.8

Fungicides nr nr nr nr nr

! For States included, see "Cropping Practices Survey" in the appendix.
nr = none reported. * = insufficient sample size.
Source: USDA, ERS, 1994 Cropping Practices Survey data.

the second crop quickly, minimizing moisture loss lower yields and generally requires greater fertilizer

from the germination zone (Sandretto and Bull, 1996). and pesticide use compared with crop rotations,
regardless of tillage system (Bull and Sandretto,

The crop grown in the previous year can have a great 1995).

influence on the success of conservation tillage

systems, especially no-till. The kind, amount, and Crop yields can be significantly affected by pest

distribution of previous crop residue can influence populations, which frequently change undefedént

soil temperature, seed germination, and early growth. tillage systems. Maintaining or incréag yields

Lower seed germination and lack of early growth when changing tillage systems requires skillful use of
sometimes result from an allelopathic (negative) the various means of pest control, including pesticide
effect due to placing seed under or near decaying application, cultivation, cover crops, crop rotation,
residue from the same crop or a closely related scouting, and other integrated pest management
species (Griffith and others, 1992; CTIC, 1996). practices (see box, “Weed Control afitlage,” p.

No-till, mulch-till, and even conventionallabe 168, for more detail).

systems are more likely to be successful with crop

rotation than with monoculture. Ridge-till is best Changes in Pesticide UsePesticide use on major

suited to row crops, and therefore is often used with  crops differs among tillage systems, but it is difficult
monoculture. However, monoculture often results in  to distinguish thesffects related to tillagsystems
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Table 4.2.4—Pesticide use on soybeans by tillage system, 8 major producing States, 1994*
Conventional tillage

ltem with moldboard  without moldboard Mulch tillage No tillage Ridge tillage
plow plow

Treated acres as a percent of total planted

Herbicides

Any herbicide 97.9 98.1 99.4 98.0 94.1

(Avg. Ibs./treated acre) (1.0) 1.1) 1.1) 1.3) (0.9)

Major active ingredients:
Alachlor 6.9 7.0 6.1 6.8 314
Metolachlor 8.2 8.1 6.8 9.3 10.1
2,4-D 0.5 1.2 3.9 354 25.3
Acifluorfen 4.4 12.1 8.7 8.0 nr
Fenoxaprop-ethyl 5.5 4.8 3.3 6.1 5.1
Fluazifop-P-butyl 7.7 74 6.9 9.9 5.1
Quizalofop-ethyl 5.2 5.6 6.2 8.6 nr
Chlorimuron-ethyl 13.6 14.4 13.0 20.1 5.1
Thifensulfuron 16.0 11.1 15.2 15.9 10.1
Imazaquin 9.0 22.0 14.2 16.7 nr
Imazethapyr 47.9 36.2 49.9 41.6 54.6
Pendimethalin 14.0 24.9 26.1 26.6 nr
Trifluralin 315 315 29.1 15 nr
Metribuzin 11.0 11.1 6.1 13.2 10.1
Glyhposate 1.2 15 4.6 54.5 40.5
Bentazon 16.0 14.0 15.4 12.6 nr
Lactofen 6.5 2.9 4.7 5.0 12.1
Sethoxydim 2.3 5.2 7.6 9.3 8.2

Insecticides less than 1 percent overall

Fungicides less than 1 percent overall

! For States included, see "Cropping Practices Survey" in the appendix.
nr = none reported. * = insufficient sample size.
Source: USDA, ERS, 1994 Cropping Practices Survey data.

from differences irpest populations between areas with mulch-till, 4 with no-till, and 2 with ridge-till.

and from one year to the next, and from use of other A comparison between no-tilled and conventionally
pest control practices. Factors other than tillage that tilled corn acreage shows that 6 of the 11 most

affect pest populations may have greater impact on  commonly used herbicides were more frequently used
pesticide use than type of tillage (Bull and others, with conventional-till and 5 were more frequently
1993). The 1994 CPS data for major field crops also used with no-till.

illustrate that diferences amontjlage systems tend

to be more in the combinations of active ingredients  The share of corncaeage treated with insecticides

applied than in the proportion atres trated or the was slightly over one-half of ridge-tilled acres, but
amount applied per treatedre. only about one-fourth with other tillage systems (table

4.2.3). No-till acres received slightly less insecticide
In 1994, nearly altorn acres under all tillage per treatedacre han did areage with otherillage
systems were treated with herbicides (table 4.2.3). systems. No fungicide use was reported on surveyed
The overall application rate (pounds per aceated) corn acreage.

was highest for no-till and lowest for ridge-till.

Differences between tillage systemere fiown to be Most soybeanacres under all tillage systems were
greater among the active ingredients applied than in  treatedwith herbicides, but few or none were treated
the overall average amount applied per treated acre. with insecticides or fungicides. A greater variety of
Of the 11 most commonly used herbicides on corn, 2 herbicides were used on soybeans than on corn or
were applied most frequently with conventional-till, 3 wheat (table 4.2.4). Differences in the specific
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herbicide active ingredients applied existed between  Taple 4.2.5—Pesticide use on winter wheat by

tillage systems, but the overalerage awunts tillage system, 13 major producing States, ~ 1994%
applied per treated acre were similar, although ;
- . . Coventional
slightly higher for no-till. Of the 18 most commonly tillage
applied herb_|C|des on s_oybeans, 5 were applled most with  wiout  Mulch NG
frequently with conventionallt, 9 with no-till, and 4 Item midod. midbd. tillage tillage
with ridge-till. plow  plow
Treated acres as a
A much smaller share aVinter wheat acreage than percent of total planted
corn or soybeans was treatedh herbicides, ranging Herbicides
from 39 percent of no-till@eage to 51 percent of Any herbicide 49.4 506 431 387
conventionally tilled acreage (table 4.2.5). (Avg. Ibs /treated acre) (0.45) (0.35) (0.38) (0.43)
Major active ingredients:

Survey results for recent years indicate lower rates of f/igF?A 1‘7‘-‘7‘ 23-;‘ 22-2 1;‘-5
insecticide use with no-till than with other tillage hlorsulf ' ' ' '

tems, partly because no-till systems are often used Chiorsulfuron 25 151 a3 m
_sys MNP . . Metsulfuron-methyl 7.9 13.7 17.9 nr
in combination with crop rotationsGreaterand more Thifensulfuron 58 4.2 33 133
frequ_ent mseqtlude_ use was (eported for moIdboard Tribenuron-methyl 6.1 4.2 42 142
plowing and ridge-till, respectively, both of which are Triasulfuron 5.3 5.6 3.6 *
characterized by continuous production ofrgle Dicamba 51 103 8.7 *
crop. No-till corn and soybeans received slightly
higher applications of herbicides than did other tillage Insecticides less than 1 percent overall
systems, but the additional pesticide costs are usually Fungicides less than 1 percent overall

more than offset by substantial cost savings from L _ . _ _ . _
reduced field operations (CT|C, 1996). Employing F?r States mcludeciik,_sge Cro_ppmg Pracncgs Survey" in the appendix.
. . 4 nr = none reported. * = insufficient sample size.
mte_grated pe_St mar_wagement practlces such aﬂr@ou Source: USDA, ERS, 1994 Cropping Practices Survey data.
to limit spraying to isolated probleareas can reduce
costs and the amount of pesticide used, regardless of
tillage system (Sandretto and Bull, 1996).

results in direct savings, while less operator or family
Impacts on Production CostsChoice of tillage labor leaves more time to generate additional income
system affects machinery, chemical, fuel, and labor by expanding farm operations or working aftfairm
costs. In general, decreasing the intensity of tillage or jobs. However, the benefits from tillage systems that
reducing the number of operations results in lower reduce labor and time requirements may be greater
machinery, fuel, and labor costs. These cost savings than perceived from just the cost savings per acre.
may be offset somewhat by potential increases in Consideration must be given to the opportunity cost
chemical costs depending on the herbicides selected of the labor and time saved. Farmers who spend less
for weed control and the fertilizers required to attain  time in the field have more time for financial
optimal yields (Siemens and Doster, 1992). The cost management, improved marketing, or other activities
of pesticides with alternative tillage systems is not to improve farm profitability (Sandretto and Bull,
simply related to the total quantity of all pesticides 1996).
used. Alternative pesticides (active ingredients)
and/or different quantities of the same or similar Making fewertrips over the field also means that
pesticides are often used with different tillage equipment lasts longer and/or can cover more acres.
systems.Newer pesticides are often used at a much In either case, machinery ownership costs per acre are
lower rate but are quite often more expensive. This reduced (Monson and Wollenhaupt, 1995). In
complicates the prediction of cost relationships addition, the size and number of machines required
between tillage systems. When making comparisons decline as the intensity of tillage or the number of
among tillage systems, the cost calculation must be  operations is reduced. This can result in significant

based on the specific quantity godce of each savings in opera&n and maintenance costs. Fewer

pesticide used (Bull and others, 1993). trips alone can save an estimated $5 per acre on
machinery wear and maintenance costs (CTIC, 1996).

The reduction in labor requirements per acre for While new or retrofitted machinery may be required

higher residue tillage systems can be significant and to adopt conservation tillage practices, machinery
can result in immediate cost savings. Less hired labor costs usually decline in the long run because a

166 AREI / Production Management



smaller complement of machinery is needed for
high-residue no-till systems. Conservation tillage
equipment designs have improved over the last
decade and these improvements enhance the
opportunity for successful conversion to a CRM
system. Farm equipment manufacturers are now
producing a wide range of conservation tillage
equipment suitable for use under a variety of field
conditions (Sandretto and Bull, 1996).

Reducing the intensity or number of tillage operations
also lowers fuel and maintenance costs. Fusisgco

like labor costs, can drop nearly pércent per acre

by some estimates (Monson and Wollenhaupt, 1995;
Weersink and others, 1992). If fuel prices increase,
conservation tillage practices become relatively more
profitable.

Several studies report that on a range of soil types,
higher residue tillage systems such as no-till and
ridge-till result ingreater economic returns for a

given crop than lower residue systems. Even in some
northernareaswith heavy wet soilsvhere no-till

yields have sometimes been slightly lower, net returns
have often been better because g@e costs were

chapter 6.1Conservation and Environmental
Programs Overview)

In 1991, USDA developed the Crop Residue
Management Action Plan to assist producers with
highly erodible cropland in implementing
conservation systems that met the requirements of
their approved conservation plans by the 1995
deadline. The plan increased the timely delivery of
information, provided technical assistance to help
land users install conservation systems, helped
producers better understand the conservation
provisions of farm legislation, and assisted them in
maintaining their conservation plans and thus their
eligibility for USDA program benefits. Crop Residue
Management (CRM) alliances were efidied at the
National, State, and local levels. The 20 State
alliances, some of which remain active, included
USDA agencies, agricultural supply industries, farm
media, grower associations, commodity groups,
conservation and environmental organizations,
universities, and others interested in promoting the
conservation of soil and water resources. USDA
continues to provide assistance to farmers to meet
conservation compliance requirements.

lower (Doster and others, 1994; Fox and others, 1991).

The net returns on the entire operation can increase
even if returns for a particular crop on a farm do not.
For example, a tillage system that requires
substantially less labor per acre and reduces returns
per acre slightly but that permits application of the
labor savings to more acres could result in larger total
returns (Sandretto and Bull, 1996).

Policies and Programs Affecting CRM Adoption

The 1985 Food Security Act gave farmers an
additional incentive to adopt CRM when it instituted
the Conservation Compliance program to protect
highly erodible land (HEL) by controlling erosion.
Under the program, farmers who produce crops on
HEL and fail to implement an approved conservation
plan forfeit eligibility for most USDA farm program
benefits (see chapter 6@pnservation Compliange
Crop residue management (including conservation
tillage) is a key component in the conservation plans
for around 75 percent of the 91 million acres of
cultivated HEL subject to compliance. The 1990
Food, Agriculture, Conservation, and Trade Act
further strengthened the Federal role of protecting soil
and water resources. Besides increasing penalties for
noncompliance, the Act established other programs
that offer incentives to adoptactices such as CRM

to improve water quality or control erosion (see
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Adoption of conservation tillage practices, especially
no-till, has been greater on HEL than on non-HEL
(fig. 4.2.6). In 1995, conservation tillage was used on
43 percent of HEL acreage planted to major field
crops in the primary producing States, compared with
34 percent for non-HEL. However, the rate of

Figure 4.2.6--Use of conservation tillage on HEL
and non-HEL, major crops and growing States,
1989-95
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See "Cropping Pracitces Survey" in the appendix
for crops and States included.

Source: USDA, ERS, Cropping Practices Survey data.
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Weed Control and Tillage

Crop yields can be significantly affected by weed populations. Traditional tools for controlling weeds have in-
cluded crop rotations, crop or cover crop competition, and row crop cultivation and they play an important role(in
combination with modern pesticides to achieve effective pest control. These tools combined with scouting com
prise the core of what has become known as integrated pest management (IPM). IPM is a systematic way of
controlling pests (weeds, insects, and diseases) using a variety of techniques. The results from an effective IRM
program often include higher profits due to savings from reduced pesticide applications and improved protectig
of the environment (CTIC, 1996).

=]

Weed control problems vary among tillage systems because the nature of the weed population changes. An ynder-
standing of the response of weed species to tillage systems is essential in designing effective weed managemgnt
programs (Martin, 1995). Actively tilling the soil before planting (and cultivating during the growing season for
row crops) helps provide weed control in conjunction with herbicides. However, tillage also brings up dormant
weed seeds and prepares a seedbed not only for the crop, but for weed seeds as well (Monson and Wollenhgupt,
1995). Tillage can also expand the perennial weed problem of some species by spreading their rhizomes and tu-
bers (Kinsella, 1993). A challenge with no-till in some areas involves a gradual shift from annual weeds to
several hard-to-control perennial weeds, including woody species and volunteer trees after 7-10 years (CTIC,
1996).

Mechanical cultivation for weed control is only feasible on the share of the cropland acreage planted with a rojv
planter. The reported Cropping Practices Survey incidence of mechanical cultivation was fairly consistent acrgss
tillage systems except for higher use with ridge-till and considerably lower (one-third to one-half of the share of
acres treated for other tillage systems) use with no-till. Ridge-till systems normally use mechanical cultivations
during the season to rebuild and maintain the ridges in addition to controlling weeds.

Crop rotation can be an important tool for weed control because certain weeds are easier or more economicallto
control in one crop than another. For example, perennial grasses that are difficult to control in corn can be man-
aged effectively in broadleaf crops such as cotton and soybeans (CTIC, 1996). Conversely, some broadleaf weeds
are much easier to control in corn than in soybeans. A competitive crop that can achieve early shading of wegds
can greatly improve weed control. The success of this system depends on obtaining a quick-closing crop canppy

to shade emerging weeds and good stand establishment since skips allow some weeds to escape. Cover crops can
accomplish this goal by reducing the amount of sunlight that reaches emerging weed seedlings (CTIC, 1996). |In
addition, crop rotations can often reduce the area needing treatment with pesticides and also decrease reliancge on
annual applications of the same pesticide; the latter pattern can increase pest resistance and reduce pesticide|effec-
tiveness.

Herbicide effectiveness depends on spraying at the right stage of growth and of plant stress, and under favorgble
weather conditions. Recommendations on the type and combination of herbicides and method of application fpr
efficient weed control vary among tillage systems. The effective use of post-emergence herbicides most com-
monly employed in high residue situations requires careful and regular scouting and better knowledge of weed
identification to facilitate appropriate herbicide selection. Herbicide application rates for ridge tillage were congis-
tently lower than for other systems due to more prevalent banding, which uses smaller amounts of chemicals and
more mechanical cultivation. Because no-till employs limited (or no) mechanical tillage, proper application of Her-
bicides is essential for effective weed control. In addition, during the transition to higher residue systems, farmers
often tend to increase slightly the amount of herbicide used as a risk aversion measure. The reported Cropping
Practices Survey increase by no-till users in herbicide application (by weight) is due in part to the inclusion of an
additional "burndown" herbicide treatment prior to planting as a substitute for mechanical weed control. How-
ever, successful no-till users find that herbicide costs generally decrease and become competitive with
conventional tillage systems in 3-5 years (CTIC, 1996). Also, different management skills are required to contfol
weeds with no-till or other high-residue tillage systems than with intensive tillage systems (CTIC, 1996). Crop
residue management systems do not necessarily increase agricultural chemical requirements or application copts.
The trend toward precision farming means that increasingly agricultural chemicals, including fertilizers and pesti-
cides, will be carefully managed in a manner tailored to the site-specific conditions and the problems to be
corrected. Improved input management is becoming necessary to ensure economic viability, maintain long-term
productivity, and protect environmental quality.
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increase in the use of conseiwattillage on conservation tillage, or who are curtigrtrying
non-HEL was similar to that on HEL, suggesting that conservation tillage on part of their land, and will

all producers are motivated by the potential of likely make further change. Second, there are
conservation tillage systems to reduce costs, improve particular soils and climatic or cropping situations
efficiency, and/or increase soil productivity. Also, where conservadn tillage systems have not yet

once a producer implements conservation tillage on  demonstrated that they can consistently produce good
HEL to stay in compliance, using the same equipment economic results. In theseeas, most farmers are

and techniques on his non-HEL makes good waiting for the development of improved systems.
economic sense. The use of conservation tillage has Further limiting factors include the additional

leveled off in several regions since 1993 due in part management skill requirements and economic risk

to unusual weather patterns—primarily heavy involved in changing systems, attitudes and
rainfall—and cool planting conditions unfavorable for perceptions agast new practices, and, in some cases,
conservation tillage. institutional constraints.

In passing the Federal Agriculture Improvement and Some farmers’ attitudes against adoption of new

Reform Act of 1996, Congreseaffirmed its technologies, including conservation tillage, derive
preference for dealingith agricultural resource from a reluctance to change from methods of
problems using voluntary ppaches. The Act production that have proven to be successful in terms
continued the Conservation Compliance Program and of their own experience. The superiority of new

gave farmers greater flexiliyf in meeting techniques have to be demonstrated to a sufficient
requirements. The Act also established the extent to offset exposure to the risks inherent in

Environmental Quality Incentives Program (EQIP) to making a change from traditional methods. The
replace previous financial and technical assistance perceived ks are critical because unusual weather
programs and to better target assistancrdéas most or pest problems may be accepted as a normal
needing actions to improve or preserve environmental occurrence with tratlonal methods but may be

quality. While half of EQIP funding is to be directed blamed on the new tillage system if they occur during

to environmentapractices relating to livestock the transition period. Consequently, the new
production, the other half will be for other techniqgue may be unfairly discredited in the area for a
conservation improvements, which could include long time if initial attempts result in failure.

incentives (financial and technical assistance) for

implementation of improved crop residue Cultural and institutional factors can also constrain
management. Directing the program toward adoption. Some farmers or even whole communities
management practices would favor crop residue demonstrate strong preferences for clelbedtiields
management. Crop residue management, including as a sign of "good" management. The banker and/or
conservation tillage, is a particularly cestective landlord may be reluctant to permit a change in the

method of erosion control (requiring fewer resources way the land is farmed especially if they perceive
than intensive structural measures such as terraces) more potential risk to crop yields and net returns
that can be implemented in a timely manner to meet during the transition.

conservation requirements. The cost-savings from

reduced fuel, labor, machinery, and time Farmers are awarédt a series of challenges exist
requirements, while usually maintaining or increasing with higher residue levels. These may include
crop yields, make greater adigm of CRM likely. different (but not necessarily more seisp disease,

(For more information on programs, see chapter 6.1, insect, or weed problems; difficulties with more

Conservation and Environmental Programs Overvjew residue on the surface in proper seed, fertilizer, and
pesticide placement; and, under certaindions,

Barriers to CRM Adoption particularly cool wet seasons, lower corn yields

Given the conservation and potential economic (CTIC, 1996). In addition, the land must be properly

advantages of conservation tillage systems, and the ~ Prepared for noit (previous compaction and fertility
promotion that has occurred, why aren't the systems problems need to be corrected fl_rs_t), and the transition
used on more than 35 percent overall of U.S. period (2-4 years) can be very difficult as the farmer
cropland? First, adoption is the final step in a process Wrestles with leaing how to adapt the new tillage

that begins with becominaware, moves to gaining system to his unique situation, espeqally if unust_JaI
information, then to trial, and finally to adoption. A weather or pest problems arise during the transition,

number of farmers are in the reduced tillage transition becauséong-tekrm benefits such as iTproved soil
stage between conventional intensive tillage and quality may take 4-7 years to be realized. However,
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in many situations, innovative farmers have found
solutions to most of these problems or through

health and aquatic life (Baker, 1980; Baker, 1987;
Baker and others, 1987; Baker and Laflen, 1979;

experience have learned how to reduce their impact to Edwards and others, 1993; Fawcett and others, 1994;

tolerable levels until more acceptable solutions can be
devised.

Farmers ofterface ggnificant tradeoffs when

choosing the most appropriate tillage system for their
conditions. Higher residue systems generally allow
less opportunity t@orrect mistakes or adst to

changed circumstances once the season is underway.
Conservation tillage practices, with their higher levels
of crop residue, usually require more attention to
proper timing and placement of nutrients and
pesticides, and inarrying out tillage operations.
Nutrient management can become more complex with
crop residue management because of higher residue
levels and reduced options with regard to method and
timing of nutrient applications. No-till in particular

can complicate manure application and may also
contribute to nutrient stratification within the soil
profile from repeated surface applications without any
mechanical incorporation. In those cagd®ere

nutrients cannot be utilizedfectively by plant roots

that are deeper in the soil profile, the problem can
ususally be avoided by correcting prevalent nutrient
deficiencies prior to the switch to no-till. With higher
residue levels, however, evaporation is reduced and
more water is maintained near thefaoe, which

favors the growth of feeder roots near the surface
where the nutrients are concentrated (Monson and

Melvin, 1995; Wagenet, 1987). For a specific site,

the effects depend on a complex set of factors besides
the infiltration rate, including properties of the
chemicals applied, quantities applied, timing of
application, method of application, and a variety of
site specific factors (climatic, hydrologic, geologic,

and topographic) (Onstad and Voorhees, 1987;
Wagenet, 1987). Also, one has to consider what the
cropping pattern and chemical use would be in the
absence of CRM. In any situation, some of the
factors may contribute to less effect and others to
greater effect, with detailed analysis required to
determine the net result. Some observations on these
factors follow.

The potential for higher infiltration with conservation
tillage creates an opportunity for groundwater
degradation in some circumstances, such as for highly
permeable sandy soils over shallow groundwater
aquifers (Baker, 1987; CTIC, 1998/auchope,

1987). Howeverincreased infiltration also normally
dilutes the concentration of contaminants in the
percolate to ground water (Bengtson and others, 1989;
USDA, ERS, 1993).

The fate of applied chemicals is particularly
dependent on the respective properties of the active
ingredients, such as their adsorption, persistence,

Wollenhaupt, 1995). But in some instances, increased solubility, and volatility (Dick and Daniel, 1987;

application of specific nutrients may hecessary and
specialized equipment required for proper fertilizer
placement, thereby contributing to higher costs.

Effects of CRM on Groundwater Quality

Enhanced infiltration of water under crop residue
management raises concerns about whether there are
greater adverse effects on groundwater than with
conventional clean tillage. The issue continues to be
analyzed; the difficulty of tracking a pesticide once it
has been applied further complicates attempts to find
an answer. While conservation tillage systems can
change weed and insect problems and the kinds of
herbicides and insecticides used, total use of
pesticides does not change greatly when farmers
convert to conservation tillage (tables 4.2.3-4.2.5)
(Fawcett, 1987; Fawcett and others, 1994; Hanthorn
and Duffy, 1983). Analyses of pesticide quantities by
tilage system generally conclude that appropriate
conservation tillage systems are no more likely to
degrade water quality through chemical contamination

than other tillage systems, and do not increase the risk

of undesirable impacts from pesticides on human
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Fawcett, 1987; Melvin, 199%Vauchope and others,
1992). Chemicals with high water solubility and low
adsorptioncharacterigcs are highly mobile and
possess the potential for loss through surface runoff
or subsurface drainage (leachate) (Moldenhauer and
others, 1995; USDA, ERS, 1993).

Pesticides that are strongly adsorbed to soil, sediment
particles, or organic matter are protected from
chemical or biological degradan and volatilization
while adsorbed to these materials. Pesticides that are
tightly held will not readilyleach to ground water and
will be found in surfae-water runoff aly under

erosive conditions where the particles to which they
are attached are washed off the fields. The soil
adsorption property is a major factor affecting the
pollution potential of a particular pesticide (Melvin,
1995; Wauchope and others, 1992; Weber and
Warren, 1993).

The behavior of chemical compounds in the

environment is also influenced by the application
method. For example, whether a pesticide is applied
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to foliage or the soil or is incorporated into the soil
makes a big difference in how égghe application
deposits can be dislodged by rain, and thus &ehked
into the soil or transported in surface runoff. Soil
incorporation physically lowers the susceptibility of a
pesticide to volatilization and thereby increases its
persistence (Wauchope and others, 1992).

Early pre-fant (EPP) herbicides are applied several
weeks or months prior to crop planting. Their

advantages include prevention of weed establishment,

elimination of the need for burndown treatments at
planting, reduction in the potential for herbicide
carryover from one crop season to the next, and the
spreading out of labor related to planting. However,

there are disadvantages to EPP herbicides particularly

on sloping or highly erodible cropland. Occasional
heavy rains on unprotected sloping fields can cause

soil erosion and high rates of surface runoff even with

no-till systems, and chemicals (attached to soil
particles or dissolved in runoff water) could enter
waterways. Use of EPP herbicidesdddoe avoided
on sandy soils or other soil types with high leaching
potential (CTIC, 1996). Pre-plant/pre-emergence
herbicides depend on rainfall to trigger the active
ingredients soon after application. Once in the saill,
they must be mobile and persistent for a sufficient

period of time to make contact with and destroy weed

seedlings throughout the expected weed germination
period. These enhanced mobility and persistence
properties also facilitate the migration of such
chemicals in the environment through surface-water
runoff or percolation to ground water.

Burndown herbicides, more important in no-till

strongly adsorbed to the targeted material or the soil
and rapidly converted to relatively harmless
degradation products that reduce their potential for
contaminating ground water (Meh, 1995;
Moldenhauer and others, 1995).

The difference in chemical properties between the
different classes of herbicides is important when
considering the environmental impacts of herbicide
use between tillage systems. Tillage systems that
employ herbicides witholwver moblity and shorter
persistence are gierable from a water-quality
standpoint to tillage systems that require herbicides
with greater mobility and longer persistence (Melvin,
1995; Wauchope and others, 1992).

The inherent toxicity of the active ingredients and
their degradation, the impact of these products on
nontarget species, and their mobility and persistence
in soil and water determine their relative impact on
the environment. In addition, a specific active
ingredient can be converted by environmental
processes including hydrolysis, photolysis, and other
processes into an important degramaproduct with
different chemical properties (Wauchope and others,
1992). Tillage systems employing newer pesticides
that are highly toxic to targeted species but are used
at much lower rates may be more environmentally
desirable. For a given chemical, the amount of active
ingredient being dissipated into the environment is
generally proportionate to the aumd applied; as a
result, lower application rates translate ireduced
exposure of nontarget species to the sfteces of
these chemicals (Wauchope and others, 1992).

systems, are nonselective and are used before or just Author: Carmen Sandretto, (202) 219-0437

after planting but prior to crop emergence.
Post-emergence herbicides are successful in
controlling problem weeds or escapes well into the
growing season without damaging the crop or
reducing yield potential and are generally fiected

by soil type or amount of crop residue on thdaxg.
However, post-emergent application does depend on
proper timing and correct identification of the target
weeds. Post-emergence and burndown herbicides
frequently have short or no residual soileets

(CTIC, 1996). They are generally less mobile and
less persistent thgsre-emergence herbicides and,
therefore, less likely to migrate from their target.
Pesticides applied to plant foliage, for instance, leave
pesticide deposits that are highly vulnerable to
photolysis and other degradatiprocesses that reduce
persistence and the potential for water pollution
(Wauchope and others, 1992). For example,
glyphosate and paraquat, although highly soluble, are
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Recent ERS Reports on Crop Residue Management

"Conservation Tillage Gaining Ground," AO-232, August 1996 (Carmen Sandretto and Len Bull). This special ar
cle discusses recent trends in conservation tillage practice adoption and describes some of the benefits and limitations
associated with their use on major field crops. Conservation tillage practices such as no-till, ridge-till, and mulchtill

were expected to be used on a record-high 103 million acres in 1996 (more than one-third of U.S. planted cropland),
with most of the growth due to rapid expansion in the adoption of no-till which nearly tripled between 1989 and ?["995

to almost 41 million acres. Expanded use of no-till has been greater for row crops such as corn and soybeans than for
small grains or sorghum.

Crop Residue Management and Tillage System Trer$B-930, August 1996 (Len Bull and Carmen Sandretto).
Trends in national and regional use of crop residue management show that conservation tillage use expanded frgm 72
million acres in 1989 to more than 99 million acres in 1994. Tillage systems use on major field crops is presentgd for
1988-94 and by surveyed States for 1994.

Soil Erosion and Conservation in the United States: An OverviéB-718, September 1995 (Richard Magleby, Car-
men Sandretto, William Crosswhite, and C. Tim Osborn). This report provides background information on soil uge,
erosion, and conservation policies and programs; summarizes assessments of economic and environmental effegts of ero-
sion; and discusses policies and programs as well as options for their improvement.

"Analysis of Pesticide Use by Tillage System in 1990, 1991, and 1992 Corn and SoybeaAR-32, October 1993
(Len Bull, Herman Delvo, Carmen Sandretto, and Bill Lindamood). This special article examines the relationship|be-
tween pesticide use and tillage systems in the production of corn and soybeans in 1990, 1991, and 1992. Little
difference between tillage systems was observed in the percentage of acres treated or in the number of herbicid¢ treat-
ments. Average pounds of herbicide active ingredients applied did not exhibit a consistent pattern across tillage [systems
over the three year period. Among tillage systems, about 40-50 percent of the herbicide acre-treatments were cgmbina-
tion mixes of more than one active ingredient, but no-till was the exception with about 50-60 percent being comb|nation
mixes. Corn insecticide applications were not significantly different between tillage systems, although no-till acregage re-
ceived lower application amounts for each year.

"Water Quality Effects of Crop Residue Management," AR-30, May 1993 (Carmen Sandretto). This special supple-
ment points out that crop residue management in combination with other appropriate management strategies and the
proper selection and use of chemicals can play a crucial role in protecting water quality. The movement of agriciltural
chemicals from the point of application to ground or surface waters depends on a complex set of interactions betjveen a
variety of site specific factors ranging from the climate and the hydrologic, geologic, and topographic characteristfcs of

the land surface, and the chemical carriers—sediment, surface runoff, and subsurface drainage water—and the rgspective
properties of the active ingredients of the applied chemicals, such as their adsorption, persistence, solubility, and|volatil-
ity characteristics.

son, J. L. Baker, and M. R. Overcash [e&$f¢cts of Weersink, A., M. Walker, C. Swanton and F.E. Shaw (1992).
Conservation Tillage on Groundwater Quality: Nitrates "Costs of Conventional and Conservation Tillage Sys-
and PesticidesLewis Pub., Chelsea, MI, pp. 205-215. tems." Journal of Soil and Water Conservatioiol.
47, No. 4.

Wauchope, R. D.,T. M. Buttler, A. G. Hornsby, P. W. M.
Augustijn Beckers, and J. P. Burt (1992). The Young, Douglas L., Tae-Jin Kwon, and Frank L. Young
SCS/ARS/CES Pesticide Properties Database for Envi- (1994). "Profit and Risk for Integrated Conservation
ronmental Decision-making. Published as Volume 123 Farming Systems in the Palouséournal of Soil and
(164 pages) dReviews of Environmental Contamina- Water ConservatianVol. 49, No. 6.

tion and Toxicologyy Springer-Verlag, NY.

Weber, J. B. and R. L. Warren (1993). "Herbicide Behavior
in Soils: A Pesticide/Soil Ranking System for Minimiz-
ing Ground Water ContaminatiorPtoceedings of the
Northeastern Weed Science Socid#
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PRODUCTION MANAGEMENT

4.3 Cropping Management

Rotating crops can help maintain soil fertility and reduce the
need for chemical fertilizers and pesticides. Most corn and
soybeans are grown in rotation with each other or other row
crops. The most predominant wheat rotation is
wheat-fallow-wheat, while monoculture is the most common
practice in cotton. The primary factor determining a
farmer’s choice of cropping pattern is the rate of return;
other contributing factors include agroclimatic conditions,
farm programs, conservation programs, and environmental
regulations. Crop rotations, generally. will prevail over
monoculture only if more profitable.

Contents
e Environmental Benefits of Crop Rotations. . .. ... 175
e Cropping Patterns on Land Producing
Major CropS . .« v v oot e 176
e Rotations and ChemicalUse . ................. 177
e Factors Affecting Cropping Patterns. .. ......... 179

otating crops to help maintain soil fertilitygduce cropping patterns and how they affect input use in the
soil erosion, and control insects and diseases (by production of corn, soybeans, cotton, and wheat—the
disrupting the life cycle of insect pests, weeds, and  four major commercial crops (see box, “Cropping
plant pathogens) was much more common before the Pattern Definitions”).
mid-1950s, when farmers increased their reliance on
insecticides, herbicides, and fungicides, and Environmental Benefits of Crop Rotations
commercial fertilizers as a means of sustaining or
increaing yields. Morerecenly, public concerns
about thehazards of these chemicalstire food chain
and in ground and surface water have prompted
policy makers, universities, and other private sector
decision makers to examine ways to reduce the use of
these chemicals in agricultural production.
Consequently, farmers are increasingly considering
production alternatives, including crop rotation, to
reduce adverse environmental consequences.

The potential ben#$ of crop rotation include
improved fertility by including nitrogen fixing

legumes in crop rotation; reduced thence of plant
diseases, insects, and weeds; reduced loss of soil,
nutrients, and moisture; increased water-holding
capacity of the soil through increased organic matter;
and reduced water pollution often associated with
runoff and leaching. However, short-term benefits
accruing to the farmer may not be sufficient to
prevent a reduction in earnings from substituting one
crop with another, unless the new crop can by used by

Farmers choose between crop rotation (planting onfarm livestock

different crops successily in the same field) and
monoculture (or continuous cropping) based on
agro-climatic and economic factors. This choice, in
turn, frequently affects the use of fertilizers and
pesticides. The Cropping Practices Survey, which
collects a 3-year cropping history, indicates various

Crop rotations improve soil conditions so that in most
cases yields of grain crops will increase beyond those
achieved with continuous cropping (Heichel, 1987,
Power, 1987). Corn following wheat, which is not a
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Cropping Pattern Definitions

The following definitions were applied to 3-year crop sequence data reported in the Cropping Practices Survey tg
sent a cropping pattern for each sample field. The data were limited to the current year’s crop plus the crops pl3
the previous 2 years on the sample field.

Monoculture or continuous same crepA crop sequence where the same crop is planted for 3 consecutive years.
Small grains (wheat, oats, barley, flax, rye, etc.) or other close-grown crops may be planted in the fall as a cover
The rotation excludes soybeans double-cropped with winter wheat.

Continuous row crops-A crop sequence, excluding continuous same crop, where only row crops (corn, sorghum,
beans, cotton, peanuts, vegetables, etc.) are planted for 3 consecutive years. Small grains or close-grown cropsg
planted in the fall as a cover crop.

Mix of row crops and small grains-A crop sequence where some combination of row crops and small grains are
planted over the 3-year period. The rotation excludes soybeans double-cropped with winter wheat.

Hay, pasture, or other use in rotatierA crop sequence that includes hay, pasture, or other use in 1or more previo|
years. The rotation excludes any of the above rotations and any area that was idle or fallow in one of the previo

Idle or fallow in rotation—A crop sequence that includes idle, diverted, or fallowed land in 1 or more of the previo
years.

Double-cropped soybeansA crop sequence, limited to soybean acreage, where winter wheat was planted the pre

repre-
nted

crop.

Soy-
may be

18
s years.

IS

ious

fall.

legume, produces a greater yield than continuous corn Finally, all rotations promote diversification and can

when the same amount of fertilizer is applied (Power,
1987). Yields following legumes are often 10 to 20
percent higher than atinuous grain regardless of the
amount of fertilizer applied (National Research
Council, 1989).

Crop rotations can also control insects, diseases, and
weeds, particularly those pests that attack plant roots.
Crop rotations aid in insect management by replacing
a susceptible crop with a non-host crop. Rotating
corn with soybeans may reduce soil population of
corn rootworm larvae and thereby reduce the need for
insecticide treatment. In the southern United States,
when peanuts are rotated with cotton and corn, the
nematode population drops. If cotton is rotated with
corn or grown continuously, then the sting nematode
can build up to devastating levels in a feears.

Crop rotations can also help control soil erosion.
Closely sown field grain crops such as wheat, barley,
and oats, as well as most hay and forage crops,
provide additional vegetative cover to reduce soil
erosion. In addition, these crops also compete with
broadleaf weeds and may help control the weed
infestation in subsequent crops since they are usually
harvested before weedsachmaturity and produce
seed.

176

provide an economic buffer agat price fluctuations

for crops and production inputs. Diversification also
helps reduce the vagaries of weather and disease and
pest infestations.

Cropping Patterns on Land Producing Major
Crops

Corn. Cropping Practices Survey data (see appendix
for a description of the survey) indicate that for most
areas of the United States, farmers varied the crops
planted from year to year. In the 17 major corn
growing States, about g8rcent of the corn aeage

in 1995 was in rotation with soybeans or other row
crops (table 4.3.1, fig. 4.3.1). Twenty-one percent
was in continuous corn. Only 9 percent of corn
acreage was in rotation with small grains, hay, or
pasture and the remaining 7 percent was idle for at
least 1 of the 2 preceding years. Over 1991-95, corn
monoculturing appears to have declined slightly,
while continuous row cropping has slowly but steadily
increased (fig. 4.3.1).

Soybeans Nearly three-fourths of soybean acreage in
14 major producing States in 1995 was reported in
rotation with corn or other row crops (fig. 4.3.1, table
4.3.1). Continuous soybeans (monoculture) occurred
on only 10percent of the acreage. Farmers in the
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Figure 4.3.1--Trends in major cropping patterns, 1991-95

Percent Corn (17 States) Percent Soybeans (14 States)
100 100 pun s L DS B
F - H All others
go - s WEEEER | 801 [ | —
60 | 60 _
Continuous
row crop*
40 [ 40
20 - 20+
‘ ‘ ‘ ‘ ‘ 0 Continuous same crop
| | | | |
0 1991 1992 1993 1994 1995 1991 1992 1993 1994 1995
Percent All wheat (15 States) Percent Cotton (6 States)
100 o I O N N | 10 All others
i I Row crops and small
80~ 80 [ grains (wheat); continuous
row crop (cotton)
60 |- 60
Wheat/fallow/wheat
40 - 40 |-
20 - 20| Continuous same crop
0

0

1991 1992 1993 1994 1995 1991 1992 1993 1994 1995

* Corn mostly in rotation with soybeans.
Source: USDA, ERS, Cropping Practices Survey data.
For States included, see "Cropping Practices Survey" in the appendix.

Northern States mostly rotated soybeans with corn,  areas prefer the moisture-conserving

whereas Southern farmers tended to plant continuous wheat-fallow-wheat rotation. However, wheat with

soybeans. Over 1991-95, the rotation of soybeans row crops is mostly grown in the more humid regions

with other row crops increased, while the proportion  such as lllinois, Missouri, Ohio, and Minnesota. The

in continuous soybeans remained low (fig. 4.3.1). rotation of wheat with row crops and other small
grains (23 percent in 1995) may be increasing, while

Cotton In 1995, 68 percent of the cotton acreage in a wheat-fallow-wheat pattern may be declining (fig.

the 6 major cotton producing States followed a 4.3.1). Also, the share of wheat acreage in continuous
continuous cotton pattern (fig. 4.3.1, table 4.3.1). wheat was up slightly in 1994 and 1995 compared
Continuous row crops accounted for another 21 with 1991-93.

percent. Over 1991-95 period, et monoculturing

increased. Rotations and Chemical Use

Herbicide use Mostacres incorn, cotton, and
soybeanseceivedone or more herbicide treatments,
regardless of the cropping pattern (table 4.3.1). Some
differences exied among patterns in the annual
pounds of active ingredient applied pezated acres

but these have not been consistent from year to year

Wheat The two predominant cropping patterns in the
major wheat growing States were continuadieat

(34 percent of total wheateeage)and wheat-fallow-
wheat ( 37 percent) (fig. 4.3.1, table 4.3.1). Much of
the wheat in the United States is grown in the Great
Plains, where moisture is limited. Farmers in these
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Table 4.3.1—Cropping patterns and associated chemical use in major producing States, 1995

3-year crop sequence?

Continuous Combination Idle or Hay, Double(;I Total
row crops fallow asture or  croppe
Crop/item Same crop  Row crops 32,%”5 and smgll P other w/wh%%t or
grains crops soybeans
Corn: (17 States)
Planted acres (1,000 ac.) 13,581 40,050 n/a 1,770 4,480 4,224 n/a 64,105
Planted acres treated with: Percent of planted acres
Nitrogen 96.7 98.2 n/a 90.2 98.1 95.2 n/a 97.4
Phosphate 76.6 82.3 n/a 65.5 77.9 86.6 n/a 80.6
Potash 55.3 75.4 n/a 36.9 61.6 82.6 n/a 69.6
Herbicides 95.8 98.2 n/a 93.7 94.2 93.0 n/a 97.0
Insecticides 58.7 18.9 n/a 4.2 24.7 224 n/a 275
Average application rates for: Pounds a.i. per treated acre
Nitrogen 138 136 n/a 85 120 82 n/a 130
Phosphate 43 63 n/a 37 52 44 n/a 56
Potash 63 85 n/a 43 74 60 n/a 78
Herbicides 2.54 2.81 n/a 2.14 2.65 2.50 n/a 2.71
Insecticides 0.80 0.67 n/a 1.03 0.75 0.97 n/a 0.75
Soybeans: (14 States)
Planted acres (1,000 ac.) 5,088 37,932 n/a 2,293 2,311 763 3,454 51,840
Planted acres treated with: Percent of planted acres
Nitrogen 18.0 15.3 n/a 23.6 10.7 19.3 29.9 17.0
Phosphate 27.4 19.1 n/a 36.5 21.4 33.8 31.5 22.0
Potash 30.2 23.0 n/a 354 23.7 33.8 36.5 25.3
Herbicides 93.7 99.0 n/a 91.4 95.1 90.2 92.9 97.5
Insecticides 7.8 1.0 n/a 1.3 0.4 id 4.1 1.8
Average application rates for: Pounds a.i. per treated acre
Nitrogen 32 27 n/a 26 15 35 42 29
Phosphate 44 57 n/a 49 38 56 56 54
Potash 71 91 n/a 55 73 85 79 85
Herbicides 1.28 1.07 n/a 1.42 1.33 0.66 1.22 112
Insecticides 0.56 0.39 n/a 0.64 0.58 id 0.57 0.49
Cotton: (6 States)
Planted acres (1,000 ac.) 7,938 2,453 n/a 205 781 274 n/a 11,650
Planted acres treated with: Percent of planted acres
Nitrogen 85.3 93.0 n/a 95.1 79.6 87.6 n/a 86.8
Phosphate 52.6 72.5 n/a 69.6 40.4 55.3 n/a 56.3
Potash 44.0 35.1 n/a 44.6 20.6 34.0 n/a 40.3
Herbicides 98.5 95.8 n/a 83.4 95.7 100.0 n/a 97.5
Insecticides 73.2 81.7 n/a 84.4 81.0 92.3 n/a 76.2
Average application rates for: Pounds a.i. per treated acre
Nitrogen 93 91 n/a 137 123 148 n/a 96
Phosphate 40 47 n/a 46 48 59 n/a 43
Potash 53 47 n/a 57 31 40 n/a 51
Herbicides 2.16 1.78 n/a 2.17 1.38 2.16 n/a 2.03
Insecticides 2.36 2.28 n/a 3.18 2.27 2.66 n/a 2.36
All wheat: (15 States)
Planted acres (1,000 ac.) 17,982 n/a 1,949 11,934 19,423 1,262 414 52,965
Planted acres treated with: Percent of planted acres
Nitrogen 87.8 n/a 95.8 96.0 80.9 72.3 86.1 87.0
Phosphate 58.2 n/a 92.5 81.8 52.6 57.6 56.7 62.7
Potash 9.8 n/a 22.7 43.7 8.6 13.3 36.3 17.7
Herbicides 63.1 n/a 95.3 67.4 74.4 83.6 45.1 69.7
Insecticides 8.8 n/a 1.7 0.8 1.2 id id 3.7
Average application rates for: Pounds a.i. per treated acre
Nitrogen 62 n/a 73 79 59 57 74 64
Phosphate 30 n/a 29 44 27 36 49 33
Potash 21 n/a 12 50 25 45 60 38
Herbicides 0.29 n/a 0.67 0.47 0.44 0.49 0.10 0.41
Insecticides 0.36 n/a 0.50 0.30 0.38 id id 0.36

Id = Insufficient data. n/a = Not applicable. I For States included, see "Cropping Practices Survey" in the appendix. 2 See box, "Cropping Pattern Defi-

nitions." Source: USDA, ERS, Cropping Practices Survey data.
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and may reflect regional and weather variations.
Continuouswvheat showed the lowest percentage of
wheat acres treated with herbicides, but this may be
due to the agroclimatic conditions in the region where
this pattern predominates.

Insecticide use Insecticide use on continuous corn
occurred much more frequently than on corn in
rotations (table 4.3.1). Higher use of insecticides on
continuous corn is needed to reduce the build up of
insects, especially corn rootworm, which monoculture
tends to encourage. Alternating crops with corn
reduces the need for insecticide treatniegause
rootworms and other populations are not allowed to
build up. Three-fourth of cotton acres were treated
with insecticide, with little dierence amongatterns

in average amount applied. Soybeans usually are not
treatedwith insecticide. While only a small part of
wheat acreage was treated with insecticides, the
proportion of continuous wheat treated was higher
than that for wheat in various rotatis.

Fertilizer use. Most corn, cotton, and wheat acres
received nitrogen fertilizer in 1995, with smaller
proportions receiving phosphate and potash (table
4.3.1). Cropping patterrgenerally did not influence
average annual pounds applied except nitrogen use
was higher for continuous corn than for some
rotations, and lower for continuous cotton than for
some rotations.

Factors Affecting Cropping Patterns

The primary factor determining a farmer’s choice of
cropping pattern is the rate of return; other
contributing factors include agroclimatic conditions,
farm programs, conservation programs, and
environmental regulations. Crop rotatiogenerally,
will prevail over monoculture only if more profitable
as in lowa, where corn-soybeans-corn was shown to
yield $40 per acre more than continuous corn (Duffy,
1996).

Climate, rainfall, environmental, and economic
conditions divide the United States into very distinct
agroclimatic regions, with each region’s conditions
determining its needs and ability to rotate crops. For
example, the level and the variability m@iinfall in a
given area determine the usefulness of legumes in a
rotation. Alfalfa and other deep-rooted legumes can
deplete the subsoil moisture to a greater depth than
corn. As a result, in arid and semi-arid regions and in
subhumid and humid regions during drought, the
inclusion of these legumes in a rotation may reduce
the yields of the following corn or other crops. Under
irrigated conditions or in areas of abundant rainfall,
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however, legumes in rotation with cash grains will
boost yield and reduce the need for fertilizer by
providing for some or all of the nitrogen needed by
corn or small grains (National Research Council,
1989).

Federal policies often unintentionally discourage the
adoption of crop rotations. For example, commodity
programs that restricted base acreage to one or two
crops encouraged monoculture. To reduce this
unintended effect, the 1990 Farm Act eliminated
deficiency payments on 15 percent of participating
crop baseacres known as Normal Flex Acreage
(NFA), regardless of the crops planted on them (with
a few fruit and vegetable exceptions). As a result,
many farmers flexed out of monoculture or idled the
marginalacreage.The extent of flexing out varied by
type of crop base, depending on expected relative
market return. For example, oats appeared to be the
least profitable program crop during 1991-94 as
almost half of its NFA was flexed to another crop.
The 1996 Farm Act allows 100 percent flexing (again
with a few fruit and vegetable exceptions).

Under the 1985 and subsequent farm acts, highly
erodible land (HEL) used for crops requires a
conservation plan to qualify for USDA farm program
benefits (see chapter 6@onservation Compliance,
for more detail). Planting crops in rotation can
reduce erosion and is a part of many conservation
plans for HEL. Indeed, more HEL in corn in 1995
was in rotation (18 percentff)an was non-HEL (12
percent) (table 4.3.2). Also more winter, spring, and
durum wheat (50, 64, and 46 percent respectively) on
HEL was in a fallow or idle rotation than non-HEL
(34, 20, and 44 percent).

Author: Mohinder Gill, (202) 219-0447
[mgill@econag.gv]. Contributor: Renata Penn.
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Table 4.3.2—Cropping patterns on highly and non-highly erodible land in major producing States, 1995

Corn Soybeans Cotton Winter Spring Durum Total
Category (17 States (14 States) (16 States)  wheat wheat wheat
(11 States) (4 States) (ND)

Planted acres (1,000)l 64,105 51,840 11,650 34,265 15,750 2,950 180,560
Erodibility: Percent of planted acres

Highly erodible land (HEL) 18 15 20 34 26 24 21
Land not highly erodible 78 77 70 63 71 75 74
Land not designated 4 8 10 3 3 2 5
Three-year crop sequence on Percent of HEL planted acres

HEL:

Continuous same crop 25 6 84 40 20 22 29
Continuous row crops 58 78 10 n/a n/a n/a 34
Continuous small grains n/a n/a n/a id 2 15

Row crop and small grains2 3 9 1 10 14 15 8
Idle or fallow in rotation 11 7 4 50 64 46 28
Hay or other crops in rotation 4 id id id id id 1
Three-year crop sequence Percent of non-HEL planted acres

on non-HEL:

Continuous same crop 22 10 67 45 15 23 24
Continuous row crops 67 74 24 n/a n/a n/a 53
Continuous small grains n/a n/a n/a id 12 12 1
Row crop and small grains2 3 11 2 20 52 20 10
Idle or fallow in rotation 7 4 7 34 20 44 12

n/a = not applicable. Id = insufficient data. Percentages may not add to 100 due to rounding.
! For the States included, see "Cropping Practices Survey" in the appendix. 2 Includes double-cropped with wheat or soybeans.
Source: USDA, ERS, Cropping Practices Survey data.
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4.4, Pest Management

Insects, disease, and weeds cause significant yield and
quality losses to U.S. crops, and farmers currently rely on
pesticides to combat this damage. However, many
scientists now recommend greater use of biological and
cultural pest management methods, and biological
products, such as Bacillus thuringiensis, have recently
captured a small share of the pest control market.
Government programs to encourage the development and
use of biological and cultural methods include areawide
pest management, integrated pest management (IPM),
national organic standards development, and regulatory
streamlining for biologicals.

Contents
e Why ManagePests? .. .................. 181
e Pest Management Systems and Practices ... 182

e Pest Management Programs and Initiatives . 195

or nearly four decades, the majority of U.S. The National Research Council recently concluded

farmers have relied on synthetic pesticides as their that pest resistance and other problems created by
primary method for managing most crop pests in most pesticide use had created an “urgent need for an
commodities. Farmers adopted synthetic pesticides alternative approach to pest management that can

quickly after their commercial introduction in the complement and partially replace current chemically
1940'sbecauseheywere inexpensk, effective, and based pest-management practices” (National Academy
easy to apply (Macintyre, 1987). Biological and of Sciences, 1985). Various government programs
cultural control methods such as Bt applications and and activities are being initiated to encourage

trap cropping, which use living organisms and increased use of integrated pest management (IPM)

strategic cropping to combat pest damage, are not as and other strategies to reduce pesticide use and risks,

widely used (see glossary for definitions of terms and and to promote research and implemeoitaof

methods). biological and cultural controls (Jacobsen, 1996;
Browner, 1993).

During the early 1990’s, USDA’s Economic Research

Service (ERS), using a producer probability survey Why Manage Pests?

representing over 6fercent of U.S. crop production,

began compiling a baseline on the uses of various . ) ;
9 pring species, and numerous species of fungi and

chemical, cultural, and biologicaractices to control . . , .
pests. According to these data, pesticides are used Onnematodes are considered serious pests in agriculture

the majority of cropacreage of st major (Klassen and Schwa(tz, 1991). If t_hese pesise
commodities. Most growers also used scouting, not managed, crop yields and quality would fall

economic thresholds, and other pesticide-efficiency fsub;tangaltc!llg/, likely mcrleaw% dP{.OdUC“Og costs aqﬁ
techniques, but less than half reported the use of 00d and fiber prtl;l:es. n ald |b|on, prolucers with
cultural and biological techniques. (For information greater pest problems would become less commeet
on pesticide quantitities and active ingredients, see
chapter 3.2Pesticides

Approximately 600 species of insects, 1,800 plant

Cultural and biological techniques were the primary
methods used to manage pests in agriculture for
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thousands of years. U.S. farmers began shifting to

per acre increased. The use of more frequent

chemical methods upon the successful use of a naturatreatments and additional ingredients reflects an

arsenic compound to control Colorado potato beetles
in 1867 (National Academy of Sciences, 1995) and
the inception of USDA’s chemicaésearch program

in 1881 (Klassen and Schwartz, 1991).

The increases in crop yields throughout this century
have been partly credited to pesticide technology; the
majority of U.S. crop acreage is now treated with
pesticides. The benefits of pesticides, the value of
production that would be lost if alternatives were less

effective, and the additional pest management costs if

increase in the number of treatments later in the
growing season and the grower’s need for more
broad-spectrum weed control. Treatments applied
later in the growing season are less likely to run off
or leach and are more likely to be post-emergence
herbicides, which are often less persistent in the
environment. The amount of herbicide applied per
acre has fallen with the increased use of low-rate
sulfonylurea herbicides and with reduced-rate
applications of atrazine and other older herbicides.

alternatives were more expensive have been shown in Less than one-fourth of the comereage received

numerous studies (Osteen, 1987). The costs of
pesticide use to human health and the environment
have been much more difficult to quantify. A
preliminary Cornell study estimates that the costs
from human pesticide poisonings, reduction of fish
and wildlife populations, livestock losses, honey bee
losses, destruction of beneficial insects, pesticide
resistance, and other pesticide effects are $8 billion
annually in the U.S. (Pimentel and others, 1992). An
alternative method that is more expensive or less
effective than pesticides might be economically
justified when weighed against the indirect costs of
pesticides (see box, “Why Reduce Reliance on
Pesticides?”).

Pest Management Systems and Practices

USDA cropping practices and chemical use surveys
between 1990 and 1995 provide information about
chemical, cultural, and biological pest management
systems for five major field crops (corn, soybeans,
wheat, cotton, and potatoes) and selected fruits and
vegetables. About 60 percent of U.S. cropland
planted to crops was represented in these annual
surveys.

Pesticide-Based Management

Pesticides are applied annually to the majority of U.S.
crop acreage. One or more pesticides are used to
control weeds and other pests of major field crops,
corn, soybeans, wheat, cotton, and potatoes (table

insecticides in 1995, and corn rootworm was the most
frequently treated insect. Insecticide applied to the
soil before or during planting kills hatching rootworm
larvae and is a common control method, especially
when corn is planted every year. Corn acreage
treatedwith insecticides in 1995 was down 6
percentage qints from 1990. This decline may be

due to closer monitoring of insect and mite
populations in the previous crop to decide if
preventive treatments are needed.

Soybeans.Herbicides account for virtually all the
pesticides used on the soybean crop. In the late
1980’s, sulfonylurea and imidazolinone herbicides,
which could be applied at less than an ounce per acre,
began to replace older products commonly applied at
1 to 2 pounds per acre. They are now among the
most commonly used soybean herbicides and have
caused total herbicide use to drop. However, the
number of acres treated and number of treatments per
acre have increased, partly due to the growth in no-till
soybean systems, which often replace tillage prior to
planting with a preplant "burndown" herbicide to kill
existing vegetation. The area treated with herbicides
after planting increased from $2rcent to 74 percent
from 1990 to 1995, whil&reatments before planting
dropped only a few percentageims.

Wheat. Wheat is one of the largest field crops in the
United States, in terms of acreage, and is the least
pesticide-intensive. Wheat accounted forp28cent

4.4.1), as well as most fruit and vegetable crops (table of the surveyedaeage in 1994yut received only 4

4.4.2).

Corn. The largest crop in the United States is corn,
and it exceeds any other crop in the numbeacoés
treatedwith pesticides (table 4.4.1). At least some
herbicide was applied to 98 percent of the corn area

percent of the pesticides. Herbicides were applied on
about half of the winter wheat, the largest wheat crop,
in 1995, up from only 34 percent in 1990. Winter
wheat grows through the fall and winter, and many
weeds germinating in the spring cannot compete with
the established wheat. In contrast, spring wheat

in the 10 surveyed States in 1995, up from 95 percent seedlings compete directly with weed seedlings in the

in 1990. While the total amount of herbicide applied
per acre fell slightly, the number of herbicide

treatments and number of different ingredients applied
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spring, and nearlgll of these crops receive herbicide
treatments.
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Why Reduce Reliance on Pesticides?

Concern about the side effects of synthetic pesticides began emerging in scientific and agricultural communities ip the
late 1940'’s, after problems with insect resistance to DDT. The public became concerned about the unintentional| effects
of pesticide use after Rachel Carson’s book on bioaccumulation and other potential hazards was published in thg 1960’s.
Many unintentional effects of pesticide exposure on nontarget species have been reported since then, including gcute
pesticide poisonings of humans (especially during occupational exposure) and damage to fish and wildlife, includ|ng
species that are beneficial in agricultural ecosystems. Since the 1960’s, some pesticides have been banned, others
restricted in use, and others’ formulations changed to lessen undesirable effects.

Human Health Impacts The American Association of Poison Control Centers estimates that approximately 67,000
nonfatal acute pesticide poisonings occur annually in the United States (Litovitz and others, 1990). However, thg extent
of chronic health iliness resulting from pesticide exposure is much less documented. Epidemiological studies of ¢ancer
suggest that farmers in many countries, including the United States, have higher rates than the general population for
Hodgkin's disease, leukemia, multiple myeloma, non-Hodgkin’s lymphoma, and cancers of the lip, stomach, prosiate,
skin, brain, and connective tissue (Alavanja and others, 1996). Emerging case reports and experimental studies |suggest
that noncancer illnesses of the nervous, renal, respiratory, reproductive, and endocrine systems may be influencgd by
pesticide exposure. Case studies, for example, indicate that pesticide exposure is a risk factor for several
neurodegenerative diseases, including Parkinson’s disease and amyotrophic lateral sclerosis, also known as Lou|Gehrig’s
disease (Alavanja and others, 1993). A comprehensive Federal research project on the impacts of occupational pesticide
exposure on rates of cancer, neurodegenerative disease, and other illnesses was begun about 4 years ago in Ngrth
Carolina and lowa; about 49,000 farmers who apply pesticides and 20,000 of their spouses, along with 7,000
commercial pesticide applicators, are expected to participate in the study (Alavanja and others, 1996).

Direct exposure to pesticides by those who handle and work around these materials is believed to pose the greafest risk
of human harm, but indirect exposure through trace residues in food and water is also a source of concern (EPA} 1987).
The effects of these pesticide residues on infants and children and other vulnerable groups have recently been afddressed
with a new legislative mandate in the Food Quality Protection Act of 1996 (see box, "Pesticide Tolerance and Digtary
Risks" in chapter 3.Resticidek

Environmental Quality Documented environmental impacts of pesticides include: poisonings of commercial
honeybees and wild pollinators of fruits and vegetables; destruction of natural enemies of pests in natural and
agricultural ecosystems; ground- and surface-water contamination by pesticide residues with destruction of fish and
other aquatic organisms, birds, mammals, invertebrates, and microorganisms; as well as population shifts among| plants
and animals within ecosystems toward more tolerant species.

Most insecticides used in agriculture are toxic to honeybees and wild bees, and costs related to pesticide damaggs
include honeybee colony losses, honey and wax losses, loss of potential honey production, honeybee rental feeq to
substitute for pollination previously performed by wild pollinators, and crop failure because of lack of pollination
(Pimentel and others, 1992). Approximately one-third of annual agricultural production in the United States is defived
from insect-pollinated plants (Buchman and Nabhan, 1996), and flowering plants in natural ecosystems may not thrive
because of fewer pollinators.

The destruction of the natural enemies of crop pests has led to outbreak levels of primary and secondary crop pests for
some commodities, and pest management costs have increased when additional pesticide applications have beeph needed
for these larger or additional pest populations. Measurable costs related to pesticide residues in surface- and
groundwater include residue monitoring and contamination cleanup costs and costs of damage to fish in commergial
fisheries. Birdwatching, fishing, hunting and other recreational activities have been affected by aquatic and terredtrial
wildlife losses due to pesticide poisonings. An emerging issue is the environmental impacts of invertebrate and
microorganism destruction because of the essential role they play in healthy ecosystems.

Pesticide ResistanceAfter repeated exposure to pesticides, insect, weed, and other pest populations in agricultural
cropping systems may develop resistance to pesticides through a variety of mechanisms. The newer safety reqyirements
for pesticide registration along with the increasing pace of pest resistance has raised doubts about the ability of ghemical

companies to keep up with the need for replacement pesticides. In the United States, over 183 insect and arachnid pests
are resistant to 1 or more insecticides, and 18 weed species are resistant to herbicides (U.S. Congress, 1995).
Cross-resistance to multiple families of pesticides, along with the need for higher doses and new pesticide formulations,
is a growing concern among entomologists, weed ecologists, and other pest management specialists.

Emerging issuesinclude the impact of endocrine-system disrupting pesticides on human health and wildlife, including
potential reproductive effects and effects on child growth and development (EPA, 1997), and the impacts of expasure to
pesticides, particularly the potential for synergistic impacts (Arnold and others, 1996).
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Table 4.4.1—Pest management practices on major field crops in major producing States, 1990-95

Crop Units 1990 1991 1992 1993 1994 1995
Corn (10 States):
Planted area 1,000 ac. 58,800 60,350 62,850 57,350 62,500 55,850
Area receiving herbicides Percent 95 96 97 98 98 98
Before or at plant only Percent 39 38 33 35 29 30
After plant only Percent 29 34 36 37 38 38
Both Percent 26 23 27 26 32 29
Avg. number of treatments/acre Number 1.4 1.4 1.4 1.4 15 15
Avg. number of ingredients/acre Number 2.2 21 2.3 2.3 2.5 2.4
Avg. amount applied Lbs./ac. 3.24 2.97 2.98 2.94 2.79 2.76
Amount banded Percent 7 7 9 8 8 6
Area receiving insecticides Percent 32 30 29 28 27 26
Before or at plant only Percent 26 23 23 22 19 18
After plant only Percent 4 6 5 5 7 7
Both Percent 2 2 1 1 1 1
Avg. number of treatments/acre Number 11 11 11 11 1.1 11
Avg. number of ingredients/acre Number 11 11 11 1.0 11 11
Avg. amount applied Lbs./ac. 1.18 1.04 0.95 0.90 0.83 0.75
Area scouted for pests Percent na na na 65 77 na
Operator or family member Percent na na na na 64 na
Chemical dealer Percent na na na na 5 na
Commercial service Percent na na na na 62 na
Other Percent na na na na na
Area under crop rotation Percent 76 75 77 75 74 80
Area with cultivations for weed control Percent 70 68 72 53 63 66
Soybeans (8 States): 1
Planted area 1,000 ac. 39,500 42,050 41,350 42,500 43,750 45,150
Area receiving herbicides Percent 96 97 98 98 98 98
Before or at plant only Percent 44 39 36 28 28 23
After plant only Percent 20 26 28 30 29 32
Both Percent 32 32 34 35 42 42
Avg. number of treatments/acre Number 1.5 15 1.6 1.6 1.7 1.7
Avg. number of ingredients/acre Number 2.3 23 24 25 2.7 2.7
Avg. amount applied Lbs./ac. 1.39 1.27 1.14 1.11 1.14 1.09
Amount banded Percent 6 5 5 5 4 4
Area with scouting for pests Percent na na na 70 76 na
Operator or family member Percent na na na na 68 na
Chemical dealer Percent na na na na 5 na
Commercial service Percent na na na na 2 na
Other Percent na na na na 1 na
Area under crop rotation Percent na na na na 93 90
Area with crop cultivations for weed control Percent 67 61 54 38 44 41
Winter wheat (11 Sta tes): 1
Planted area 1,000 ac. 38,900 31,000 33,990 35,500 32,930 32,670
Area receiving herbicides Percent 34 26 31 40 46 54
Before or at plant only Percent 3 3 1.5 3 4 4
After plant only Percent 30 23 29 36 40 48
Both Percent 1 1 0.5 1 1 2
Avg. number of treatments/acre Number 1.1 11 1.1 11 1.1 1.1
Avg. number of ingredients/acre Number 15 15 1.6 1.8 1.8 18
Avg. amount applied Lbs./ac. 0.28 0.27 0.28 0.30 0.33 .25
Area with scouting for pests Percent na na na na na 80
Area under crop rotation Percent na na na na 61 57
Spring wheat (4 States):
Planted area 1,000 ac. 15,800 13,500 17,350 16,950 17,250 15,750
Area receiving herbicide Percent 91 92 88 96 95 95
Before plant only Percent 1 3 6 4 4 2
After plant only Percent 82 83 77 83 79 86
Both Percent 8 7 5 9 11 7
Avg. number of treatments/acre Number 1.2 1.2 1.2 1.2 1.2 1.2
Avg. number of ingredients/acre Number 1.8 20 2.1 2.2 2.3 2.4
Continued--
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Table 4.4.1—Pest management practices on major field crops in major producing States, 1990-95 (cont.)

Crop Units 1990 1991 1992 1993 1994 1995
Spring wheat (cont.)

Avg. amount applied Lbs./ac. 0.52 0.47 0.49 0.49 0.52 0.54
Area with scouting for pests Percent na na na na na 82
Area under crop rotation Percent na na na na 100 84
Cotton (6 Stat es):?

Planted area 1,000 ac. 9,730 10,860 10,200 10,360 10,023 11,650
Area receiving herbicides Percent 95 92 91 92 94 98

Before or at plant only percent 58 52 49 45 41 46

After plant only Percent 6 5 9 10 6 7

Both Percent 31 35 33 38 46 45

Avg. number of treatments/acre Number 21 23 25 25 2.6 2.7

Avg. number of ingredients/acre Number 2.3 25 2.7 2.7 2.7 2.8

Avg. amount applied Lbs./ac. 1.79 2.01 211 2.01 2.23 2.03

Amount banded Percent 33 35 33 31 27 28
Area receiving insecticides Percent na 66 65 65 71 76

Avg. number of treatments/acre Number na 31 45 4.9 5.7 6.2

Avg. number of ingredients/acre Number na 2.3 3.2 3.4 3.5 3.8

Avg. amount applied Lbs./ac. na 1.13 1.83 2.06 248 2.36
Area receiving other pesticides Percent na 56 47 64 67 57

Avg. number of treatments/acre Number na 18 1.6 1.6 17 21

Avg. number of ingredients/acre Number na 2.0 2.0 1.9 2.0 2.1

Avg. amount applied Lbs./ac. na 1.63 2.34 1.79 1.72 2.40
Area with scouting for pests Percent na na na na 88 na

Operator or family member Percent na na na na 30 na

Chemical dealer Percent na na na na 10 na

Commercial service Percent na na na na 40 na

Other Percent na na na na 8 na
Area under crop rotation Percent na na na na 31 32
Area with cultivations for weed control Percent 97 94 92 96 98 98
Area with pheromones used to monitor pests Percent na na na na 19 25
Area with pheromomes used to control pests Percent na na na na 9 na
Area treated with purchased beneficial insects Percent na na na na 2 1
Fall potatoes (11 States): 1
Planted area 1,000 ac. 1,087 1,123 1,064 1,114 1,140 1,147
Area receiving herbicides Percent 81 81 82 82 84 86

Before or at plant only Percent 16 13 14 14 16 10

After plant only Percent 60 61 63 62 58 72

Both Percent 6 7 5 7 10 5

Avg. number of treatments/acre Number 13 1.4 13 13 1.4 1.4

Avg. number of ingredients/acre Number 1.6 17 1.7 17 1.8 1.9

Avg. amount applied Lbs./ac. 2.15 2.29 1.94 2.06 242 2.40

Amount banded Percent 3 4 2 1 2 1
Area receiving insecticides Percent 89 92 90 88 88 88

Before or at plant only Percent 18 13 14 14 16 16

After plant only Percent 52 58 60 59 59 53

Both Percent 19 21 17 16 13 19

Avg. number of treatments/acre Number 20 22 2.3 2.2 2.7 25

Avg. number of ingredients/acre Number 1.8 19 2.0 2.0 2.1 1.9

Avg. amount applied Lbs./ac. 3.15 281 2.89 2.90 3.49 2.55
Area receiving fungicides Percent 69 69 72 76 80 85

Avg. number of treatments/acre Number 27 27 3.1 3.4 4.2 6.1

Avg. number of ingredients/acre Number 1.4 15 1.9 2.1 3.2 2.7

Avg. amount applied Lbs./ac. 3.17 3.42 3.93 4.22 5.61 6.75
Area receiving other pesticides Percent 34.6 449 43.1 52.9 59.9 57.1

Avg. number of treatments/acre Number 13 13 14 13 14 1.6

Avg. number of ingredients/acre Number 11 12 13 1.2 1.2 13

Avg. amount applied Lbs./ac. 73.38 71.24 84.43 74.56 94.36 92.74
Area with scouting for pests Percent na na na 85 na na
Area under crop rotation Percent 97 97 97 97 96 98
Area with cultivations for weed control Percent 91 95 93 93 93 94
Area treated with purchased beneficial insects Percent na na na na na na

na = not available. * For States included, see "Cropping Practices Survey" in the appendix. Source: USDA, ERS, Cropping Practices Survey data.
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Table 4.4.2—Fruit and vegetable acreage treated with pesticides, major producing States, 1992/93 and
1994/95

Area receiving application Total application 1994/95

Planted States 1992/1993 1994/1995 1994/1995
acres! surveyed2

Herbicide Insect- Fungicide Herbicide Insect- Fungicide Herbicide Insect- Fungicide

icide icide icide
1,000 ac. No. Percent of acres 1,000 Ibs.

Fruit:

Grapes, all types 796 6 64 66 93 74 67 90 1,193 3,970 32,551
Oranges 760 2 94 90 57 97 94 69 3,466 40,263 1,962
Apples, bearing 345 9 43 99 88 63 98 93 567 10,733 4,624
Grapefruit 147 2 93 93 85 92 89 86 618 9,185 1.420
Peaches, bearing 144 8 49 99 98 66 97 97 182 2,023 5,029
Prunes 94 1 40 93 84 46 73 84 64 842 398
Avocados 73 1 50 12 10 24 9 1 35 14 8
Pears 68 4 44 98 92 65 96 90 96 3,310 1,388
Cherries, sweet 47 4 45 94 87 61 92 93 56 777 655
Lemons 48 1 71 88 14 83 73 64 141 1,280 106
Cherries, tart 47 4 49 98 99 67 94 98 45 93 930
Plums 44 1 70 89 79 48 75 71 36 562 303
Olives 38 1 67 27 33 54 14 30 58 108 59
Nectarines 36 1 84 98 95 82 97 96 84 98 95
Blueberries 30 4 75 91 81 73 86 87 50 127 222
Vegetables:

Sweet corn, proc. 503 7 92 75 19 94 66 9 1,623 254 59
Tomatoes, proc. 323 1 90 81 92 76 71 86 442 219 9,817
Greenpeas, proc. 203 6 91 49 1 93 50 * 251 42 4
Lettuce, head 191 5 68 97 76 60 100 77 127 631 524
Snap beans, proc. 173 9 95 68 55 91 58 41 449 139 65
Watermelon 166 6 37 53 71 41 45 64 68 136 681
Sweet corn, fresh 164 12 75 84 41 79 81 36 328 627 203
Onion 128 9 86 79 83 88 76 89 760 174 887
Broccoli 111 4 58 95 31 67 96 36 242 287 48
Tomatoes, fresh 104 8 75 95 86 52 94 91 114 710 3,417
Carrots 101 9 67 37 79 72 34 71 117 58 483
Cantaloupe 98 5 44 78 73 41 82 41 42 103 636
Cucumbers, proc. 83 9 74 34 32 77 48 30 95 41 49
Asparagus 81 5 86 64 28 91 70 23 205 100 59
Snapbeans, fresh 71 7 52 77 62 60 79 63 62 120 504

*Applied on less than 1 percent of the acres.

1 Fruit producers were surveyed in 1993 and 1995; vegetable producers were surveyed in 1992 and 1994. Planted acreage in the major producing States sur-
veyed is for 1994 for vegetables and 1995 for fruit.

2 The survey was conducted in major producing States during both survey periods; the set of minor producing States that were surveyed was modified slightly be-
tween survey years for about one-third of the commodities. For States included, see "Chemical Use Survey" in the appendix.

Source: USDA, ERS and NASS, Chemical Use Survey data.

Insecticide use fluctuates with cycles of pest wheat diseases, fungicides are normally applied to
infestation, but is generally well under 10 percent of less than Percent ofthe wheat acres.

wheat area. Large populations of Russian wheat

aphid and other insect pests in 1994 caused winter  Cotton. Cotton is one of the most pesticide-intensive

wheat farmers to treat nearly 10 percent of their field crops grown in the United States. In 1995, 98
acreage with insecticides (Padgitt, 1996). Because percent of ction areage rec&ed herbicides, 76
disease-resistant vaiies are used to combat many percent received insecticides, and 57 peroecgived

other types of pesticides. Herbicides and insecticides
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account for about 76 percenttbie pesticide applied
to cotton, while plant growth regulators, defoliants,

returns per acre than farms that specialize in field
crop production, and fruit and vegetable growease

and other pesticides used to aid harvesting account forfound it profitable to use insecticides and fungicides.
most of the remainder. Cotton diseases treated with aBetween 90 and 98 percent of thereage of the 5

fungicide account for only 1 percent of all pesticides
used on cotton.

Insect infestation on cotton is mugheater than it is

for corn, soybeans, or wheat, partly due to its longer
growing season and the winter survival rates of insect
eggs and larvae in warmer climates where it is grown.
Although boll weevil eradication programs have been
successful in several Southern States, tobacco
budworms, cotton boll worms, thrips, and the boll
weevil prevail in other States and require frequent
treatments. Abut two-thirds of the cotton acres are
treated for insect pests, oftenth repetitive

treatments. Significant increases in insecticide use
have occurred annually during the 1990’s. The
average qudity of insecticides applied per acre more
than doubled between 1991 and 1994, while the
average number of treatments increased from 3.1 to
5.7 and the number of different insecticide products
increased from 2.3 to 3.5. In Louisiana and
Mississippi, 10 or more insecticide treatments are
applied during the growing season.

For weed control, most cotton is treated with a
combination of pre-emergence and post-emergence
herbicides. Unlike corn, soybeans, and wheat, no
new low-rate herbicides have become available for
cotton, and producers continue to rely on herbicides
registered during the 1950’s and 1960'’s.

Potatoes. Potatoes are among the most
pesticide-intensive crops for all types of pesticides.

largest fruit crops--grapes, oranges, apples, grapefruit,
and peacheseceved at least one treatment with an
herbicide, insecticide, or fungicide in 1995, and the
majority of acres were treated with all three types
(table 4.4.2). Herbicides, insecticides, and fungicides
were used to treat 97, 94, and 69 percenhefU.S.
orange acreage in 1995, for example, and 63, 98, and
93 percent of the apple acreage. For most énaips,

the volume of insecticides and fungicides used is
generally higher than the volume of herbicides used.

Among other vegetables, herbicides and insecticides
were used on 94 and 66 percent of processing sweet
corn, the largest vegetable crop, in 1994. Herbicides
and fungicidesvere sed on 76 and 86 percent of the
second largest crop, tomatoes grown for processing.
Pesticide surveys from the 1960’s and 1970’s also
showed the majority of fruit and vegetableeage
receiving pesticides (Osteen and Szmedra, 1989).

Consumer expectations of cosmetically perfect fruits
and vegetables, with no blemishes from insects or
disease, fuels insecticide and fungicide use. And
fresh-market vegetable acreage often receives more
pesticides than the processing market crop. For
example, a larger share of the fresh-market sweet
corn and tomatacreage receivedrigicide and
insecticide treatments than sweet corn and tomatoes
grown for processing (table 4.2.2).

Regional diferences in rainfall, huidity, soil types,
and other growing conditions help determine the

Herbicides, insecticides, and fungicides are each used severity of pest problems and the intensity of

to treat 85 percent or more of potatveage, and
recently over half of the acres have also been treated
with a soil fumigant, growth regulator, defoliant, or

pesticide use. Insecticide applications on grapes in
1994/95 ranged from 17 percent of the caopa in
Washington to 96 percent in Michigan (table 4.4.3).

harvest aid. While the share of potato acres receiving Processing sweet corn receiving insecticides ranged
any pesticide type did not change much between 1990from 41 percent in Washington to 82 percent in

and 1995, the intensity of treatmenid increase for

all pesticide types. Fungicides, which are used to
treat early and late blight and other diseases,
accounted for the largest increase in pesticide
treatments. The average number of fungicide
treatments peacre andhe application rate both
doubled between 1990 and 1994. Soil fumigants and
defoliants account for the largest total quantity of
pesticides used on potatoes, but are applied to the
smallest area.

Other Vegetables and FruitsOrchards, vineyards,
and vegetable farms generally have much higher net

AREI / Production Management

lllinois.

Pest problems, and the available alternatives for
managing pests, vary over time as well as by crop
and region. For the top three fruit crops—grapes,
oranges, and apples—total area treated with pesticides
increased or stayed about the same between 1992/93
and 1994/95 (table 4.4.3). However, insecticide and
fungicide applications to totacreage of the two top
vegetable crops—processing sweet corn and
tomatoes—dropped. While insect and disease
pressure may have been lighter during the second
survey, the availability of alternatives may have also
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Table 4.4.3—Pesticide application on selected fruit and vegetable crops, by major producing State,
1992/93 and 1994/95

Area receiving applications

Planted 1992/1993 1994/1995
acres!
Crop and State Herbicide Insecticide Fungicide Herbicide Insecticide Fungicide
1000 ac. Percent of acres

Fruit:

Grapes, all types 796 64 66 93 74 67 90
California 701 62 67 94 73 68 92
Washington 34 72 39 52 77 17 35
New York 33 81 64 99 85 78 94
Michigan 12 90 97 100 93 96 100
Pennsylvania 11 72 59 52 99 93 99
Oregon 5 52 3 99 70 18 95

Oranges 760 94 90 57 97 94 69
Florida 563 98 96 69 98 96 77
California 197 94 90 57 92 86 46

Apples, bearing 345 43 99 88 63 98 93
Washington 153 45 100 85 66 99 88
New York 58 33 100 100 63 99 99
Michigan 54 54 99 100 68 100 100
California 40 46 92 71 48 86 88
Pennsylvania 22 34 100 100 66 98 98
Oregon 9 66 98 98 73 99 96
South Carolina 4 18 100 100 84 99 99

Vegetables:

Sweet corn, proc. 503 92 75 19 94 66 9
Wisconsin 161 92 68 11 95 62 3
Minnesota 143 94 81 40 95 80 20
Washington 75 87 85 * 86 41 *
Oregon 49 90 60 * 98 63 *
Illinois 37 98 99 50 97 82 20
New York 33 92 60 *x 98 66 3
Michigan 7 93 93 * 88 77 *

Tomatoes, proc. 323 90 81 92 76 71 86
California 318 90 81 92 76 71 86
Michigan 5 90 82 99 85 88 100

*Applied on less than 0.5 percent of the acres.
**|nsufficient reports to publish percent of area receiving.
1 Fruit producers were surveyed in 1993 and 1995, vegetable producers in 1992 and 1994; planted acreage in the listed State is for 1994-95.

played a role. A large U.S. food processor, for Pesticide-Efficiency Tools

example, sought in the early 1990's to reduce the Entomologists have developed pest scouting,
amount and frequency of pesticide use among its economic thresholds, and other tools to help
growers, and has been encouraging the use of Bt,  5r5qycers determine when to make pesticide

paragiic wasps, mating-disrupting pheromones, applications, which pesticides to use, and how much
disease-forecasting systems, and other biological and {5 se and sexpert systems” have integrated these

Eelsliiddel- reducing technologi¢Srzalli, Curtis, and tools into decision management software. Several
olkan, 1996). new chemical-efficiency technologies—including
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precision farming and herbicide-tolerant crops—are

Figure 4.4.1--Use of scouting for pests,

just now being developed and commercialized. While selected crops in major producing States, 1990's

these tools generally rely on pesticides, they may
lower risks through lower rates, less toxic materials,
or fewer applications.

Cotton
Scouting and Economic ThresholdsEntomologists Fall potatoes |
have been developing scouting techniques to monitor ~ Winter wheat
the populations of major insect and other arthropod Corn
pests for several decades. Field triaése conducted Soybeans
to determine the crop-damage functions associated
with these pests in order to set economic
thresholds--pest population levels above which Oéanges
economic damage to the crop would occur without AE;:

pesticide application. These scouting techniques and
thresholdswvere designed to replace routine,
calendar-based insecticide applications.

All fruits & nuts

. . . Lettuce, head
While scouting techniques and thresholds have been Sweet corn
developed for most major insect pests in agriculture, Tomatoes

weed scientists and ecologists have only recently
begun exploring whether economic thresholds are
applicable for weed management (Coble and
Mortensen, 1992). Economic thresholds are rarely
used for plant pathogens since infections generally
spread too quickly to use fungicides after the disease
is detected. However, disease prediction models that
result in disease advisories for some major fruit and
field crops have been developed and commercialized.

All vegetables

Scouting and threshold use is widespread in specialty
crop production (Vandeman and others, 1994).
Nearly two-thirds of the U.S. fruit and natreage

and nearly three-quarters of the vegetable acres in the
surveyed Stategere scated for insects, mostly by
chemical dealers, crop consultants, and other
professionals (table 4.4.4, fig. 4.4.1). Growers
reported using thresholds as the basis for making
pesticide treatment decisions on virtually all of these
scouted acres (Vandeman and others, 1994). Potato
growers reported that §fercent of their acreage was
scouted in 1993 (table 4.4.1), and thresholds were
used in making nearly three-quarters of their
insecticide application decisions. Growers of
two-thirds to three-fourths of corn and soybeans
reported scouting, mostly by themselves or a family
member. Most of thesgrowers reported using
thresholds as welMandeman and others, 1994).
Nearly 90 percent ahe cotton acreage was scouted,
including commercial scouting service on 40 percent
of this acreage (table 4.4.1, fig. 4.4.1). Insect pests
cause large economic losses in cotton production, and
entomologists have been developing thresholds for
these pests for several decades.

information
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Source: USDA, ERS, Cropping Practices and Chemical Use Surveys.

Application Tools Producers use a variety of

pesticide application techniques to make applications
more efficient. For example, most farmers broadcast
pesticides across the field, but an alternative
technique--banding applications--can lower herbicide
application rates substantially (Lin and others, 1995).
However, mechanical cultivation to control weeds
between rows is often required, and growers have not
increased their use of bang during the 1990’s.

About 14 percent of the U.S. coanea in surveyed
States treated with herbicides in 1994 was banded,
and about 6 percent of soybeans were banded. Other
examples of efficiency tools include drip pans for
spray equipment to catch "overspray," and the use of
dwarf fruit trees, which require less pesticide spray
material than full-size trees.

Expert Systems “Expert systems” integrate

on pest density, economic thresholds,

application methods, and other elements of pesticide
use into a computer software package that helps the
farmer determine when to make pesticide
applications, which pesticides to use, and how much
to use. For example, a threshold-based mfwdel

corn and soybeans (NebraskaHERB) determines

whether it is cost-effective to manage weeds in a
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Table 4.4.4—Use of selected biological and cultural pest management practices on fruit, vegetable, and

nut crops, major producing States, 1990’s

Scouting Biological methods? Cultural methods?

Crop In Consul- Grower/ Chem- Other  Total Benefi- Habitat Phero- Resist- Water Field Adjust

surveyed tants  family ical cial provi- mone ant manage- sanita- planting

States! member dealer insects  sion traps3 varieties ment tion dates

1,000 ac.

planted Percent of acres
Fruit:
Grapes, all 730 68 na na na na 18 na 14 31 41 64 na
Oranges 613 75 na na na na 22 na 28 21 27 48 na
Apples 381 54 na na na na 2 na 66 16 22 73 na
All fruits & nuts 3,251 65 na na na na 19 na 37 22 31 60 na
Vegetables: *
Sweet corn 640 33 22 2 27 84 * na 17 na 7 na 8
Tomatoes 357 5 15 47 1 68 5 na 6 na 21 na 47
Lettuce, head 259 32 26 26 9 93 3 na 1 na 4 na 26
All vegetables 2,914 21 19 19 15 74 3 na 7 na 11 na 15

No. growers
surveyed Percent of surveyed growers

Certified organic
vegetables :
Sweet corn 64 * 91 0 3 94 46 67 na 80 33 na 56
Tomatoes 55 * 94 0 1 95 48 57 na 71 46 na 41
Lettuce, head 33 * 97 0 3 100 60 60 na 73 80 na 50
All vegetables 303 ** 91 0 6 97 46 58 na 75 44 na 54

* Used on less than 0.5 percent. *Included in other. na = not available.
1 Data is from the 1991 USDA Chemical Use Survey for fruits and nuts, the 1992 Survey for vegetables, and the 1994 Survey for certified organic vegetables. For

major producing States surveyed, see "Chemical Use Survey" in the appendix.

2 Use for any type of pest in 1991 and 1992, and for three specific types (insects, disease, or weeds) in 1994 (highest use for a specific type is shown).
8 Reported for all uses (pest control and monitoring) in 1991 and 1994, and for control only in 1992.

4 Includes fresh and processing crops.

Source: USDA, ERS and NASS, Chemical Use Survey data.

field, and identifies whether broadcast or

band-applied herbicides or cultivation is the most
cost-effective treatment. The Nebraska Extension
Service reports use in Nebraska isairbut growing
(USDA, 1994). The use of “expert systems”
(decision support) software is still well under 1
percent in U.S. corn and soybean production
according to recent ERS surveys (Padgitt, 1996).
Several university expert systems, whiorecast
diseases in some major fruit and vegetable crops,

different conditions in each field. Sddachabity,

pH, and other charactetiiss often vary, sometimes
substantially, within the farm field, and better

tailoring of inputs to site-specific field conditions can
increase crop yields. ®4t precision farming has
addressed nutrient management, but research on pest
management using this technology is emerging.
Recent industry surveys indicate that only a small
number of corn growers are experinegtwith

precision farming. The yield maars and equipment

have recently become available commercially through necessary for many other crops, especially vegetable

IPM product suppliers, including the "Penn State
Apple Orchard Consultant" and the Univgrof
Wisconsin’s WISDOM software.

Precision Farming. Precision farming is an

crops, have not been developed yet.

The potential for this technology to increase yields or
to reduce pesticide use is being examined by USDA,
the chemical industry, and other organizations. The

emerging technology that may allow a more efficient few existing studies on the potential of precision

application of inputs by using tractor-mounted yield

farming to provide environmental benefits have been

monitors, satellite images, GIS, and other developing inconclusive about its effect on pesticide use.

information technologies to tailor inputs to the

190

AREI / Production Management



Bioengineered Herbicide ToleranceSeed and Table 4.4.5—Bioengineered crop varieties
chemical companies have expanded research and approved for commercial production, 1994-96
development on plant biotechnologgcause of the
increaing costs to develop chemical pesticides that ~ Approval date” Applicant Crop
meet human health and environmental regulations and

are sufficiently toxic to kill target pests (Ollinger and  Herbicide-tolerant varieties:

Fernandez-Cornejo, 1995). Compared with traditional 2/5/94 Calgene Cotton
genetic plant breeayg, plant biotechnology reduces 5/19/94 Monsanto Soybean
the time required to identify desirable traits. In 6/22/95 AgrEvo Corn
addition, by inserting into the plant a gene that 7111/95 Monsanto Cotton
imparts some desirable properties, biotechnology 12/19/95 Dekalb Corn
allows a precise alteration of a plant’s traits, 1/26/96 Dupont Cotton
facilitating the development of plaoharacteristics 7131/96 Agrevo Soybean
not possible through traditional plant breeding

techniques. This technology allowesearchers to Herbicide-tolerant varieties

target a single plant trait, which decreases the number zv/vz'?/goéher traits: olant Gene con?
of unintended charactetiiss that may occur with Systems. o
traditional breeding techniques. The development of  (g/30/96) Monsanto corn®

genetically modified plants takes about 6 years and
costs about $10 million, while a chemical pesticide Insect-resistant varieties:
takes an average of 11 years at a cost of $50-$70 5,595

N ; X Monsanto Potato
million to develop (Ollinger and Fernandez-Cornejo,  5;17/95 Ciba-Geigy Corn
1995). 6/22/95 Monsanto Cotton
A number of seed and chemical companies have beeniﬁgzz N(')\ft?:j?é?ng gg::
developing plant varieties with resistance to particular o, Monsanto Potato
herbicides (table 4.4.5). Monsanto has developed a (8/14/96)° Dekalb Corn
soybean variety that is not damaged by Monsanto’s
popular herbicide glyphosate (Roundup) and similar ;s esistant varieties:
glyphosate-tolerant varieties are being developed for  15/7/94 Upjohn Squash
canola, cotton, corn, sugar beets, and rapeseed oil. /1406 Asgrow Squash
This technology could provide growers with an (2/20/96)3 Cornell University Papaya
incentive to use pesticides that are effective at lower
rates than other peStiCidES. ! Date the Animal Plant Health Inspection Service (APHIS) determined that

these field-tested crop varieties had no potential for plant pest risk and need
no longer be regulated.

Concerns about this technology include the possibility 2 includes a male sterility trait.
of accelerated weed resistance as well as the toxicity ® Date APHIS received the petition for approval; non-regulated status is still
. . . pending.
of the herbicide products that crop tolerance is 4 Includes an insect resistant trait.
developed for. Danish scientisexerly reported Source: USDA, ERS, based on information provided by APHIS.
p y rep
that the genes for herbicide resistance in transgenic
oilseed rape had moved to field mustard, a wild

relative, and that this weed demonstrated herbicide

resistance (Kling, 1996). market for biological products is growing and large
pest control companies are beginning to participate,
Biological Pest Management the market is still so small that biologicals are

unlikely to replace pesticides in the foreseeable future
unless major research and development dietsvare
started (Ridgway and others, 1994).

According to a recer®ffice of Technology report,
the market for biologically based pest controls is
small but fast-growing. The market value of
biologically based products—natural enemies, . . .
pheromones, and microbial pesticides—sold in the ~ Biological pest management includes the use of
United States during the early 1990’s was estimated ~Pheromones, plant regulators, and microbial

at $95-$147 million, 1.3 to 2 dercent ofthe total organisms such aacillus thuringiensigBt), as well
market for pest control products (U.S. Congress, as pest predators, parasites, and other beneficial
1995). At least 30 commercial firms or “insectaries” °rdanisms EPA currently regulates biochemicals

produce natural enemies. Even though the current ~ @nd microbial organisms and classifies them as
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“piorational pesticides.” Another major biological Table 4.4.6—Agricultural applications of  Bacillus

tactic has been to breed crop varieties with “host thuringiensis (Bt), selected crops in surveyed
plant resistance” to insects and disease. States, 1991-95
Microbial Pesticides and Pheromonediorational 1994/ Area receiving application
pesticides, such as Bt and pheromones, hateretf Crop! slamed 1991 1992 1993 1994 1995
significantly from chemical pesticides in that they acres?
have generally managed rather than eliminated pests, 1,000 Percent of acres
have had a delayed impact, and have been more acres
selective (Ollinger and Fernandez-Cornejo, 1995). Field crops:
For example, microbial pesticides have not been Corn (17 States) 64,105 * * * 1 1
successful as herbicides because target weeds are  Cotton, upland 11,650 * 5 8 9 9
replaced by other weeds not affected by the microbial
pesticide. Fruit:
Grapes 796 * - 2 - 6
Among the most successful microbials has been Bt, ~©ranges 760 2. - -3
which kills insects by lethal infectionGrowers have /:,pp'ehs' bearing iji S 12 ) 1§
dramatically increased their use of Bt during the Pfj:e: ® o4 * : * e
1990's, especially under biointensive and Pears 68 . ) 1 ) )
resistance-management programs, because of its Sweet cherries 47 * ) 8 ] 9
environmental safety, improved performance, cost Plums 44 * ; * - 14
competitiveness, selectivity, and activity on insects Nectarines 36 x . 10 Y
that are resistant to chemical pesticides. It is one of Bueberries 30 11 - 8 ; 5
the most important insect management tools in Raspberries 11 49 - 45 - 52
certified organic production. Bt was used on more Blackberries 4 18 - * - 23
than 1 percent of theceeage of 12 fruitrops in
1995, up from 5 crops in 1991 (table 4.4.6). Vegetables:
Between 12 and 23 percent of the apple, plum, Tomatoes, proc. 323 - 6 - 5 -
nectarine and blackberry acreage received Bt Lettuce, head 191 - 18 -2 -
applications in 1995, and it was applied on over half ~Sweet corn, fresh 164 A S
of the raspberry acreage. Among vegetable crops, the®"o" iﬁ ] 7 ] 1}1 ]
acreage treated with Bt increased for 13 of the 20 '?;cr’rf;?c::as resh o L s
crops surveyed by USDA between 1992 and 1994, Cantaloup]e o8 a0 . g ]
and was used on about half or more of the cabbage, Snap beans, fresh n _ 20 . o9 i
celery, and eggplartcreage. Bhas been used on Cabbage, fresh 70 . a8 . e ;
only a couple of field crops. Corn acreage treated Bell peppers 61 . 35 . 37 .
with Bt was steady at fiercent in 294 and 1995, Lettuce, other 60 - 39 - 22 -
while treated cotton increased from 5 percent in 1992 cauliflower 54 - 12 - 20 .
to 9 percent in 1994 and 1995. Cucumbers, fresh 51 - 19 -2 -
Strawberries 46 - 24 - 33 -
New Bt strains with activity on insects not previously Celery 36 - 51 - 6l -
found to be susceptible to Bt have been discovered in Honey dew 26 - 28 - 10 -
recent years. Current research is devoted to Spinach 10 - 13 -2 -
improving the delivery of Bt to pests and to Eggplant 4 - 13 - 48 -

increaing the residual activity aneffficacy of Bt. ,
* Applied on less than 0.5 percent of the acres. - = Not a survey year for
that commodity.

Pheromones are used to monitor populations of crop t; Bt use wads fmot smglll to rfpt?lrt on soybeans, wheat and potatoes, and on
. : : : other surveyed fruit and vegetable crops.

peStS and to dleUpt matmg In organlc SyStemS and 2 planted acres in the surveyed States.The survey accounted for between

some |IPM programs. Pheromones were used on 37 79 and 90 percent of U.S. total planted corn acreage, between 70 and 78 per-

H : cent of the total Upland cotton acreage, and over 70 percent of fruit and

percent Of frUIt and nut CrOpS acreage to mnmnd vegetable acreage‘.) For major produc?ing States inclué)ed, see "Chemical Use

control pests and on 7 percent of vegetalsleage to Survey" in the appendix. '

control pests (use for monitoring was not included in ~ Source: USDA, ERS and NASS, Chemical Use Survey data.

this survey) (table 4.4.4).
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Beneficial Organisms Natural enemies of crop

pests, or “beneficials,” may be imported, conserved,
or augmented. Many crop pests are not native to this
country, and USDA issues permits for the natural
enemies of these pests to be imported from their
country of origin. Natural enemy importation and
establishment, also called classical biological control,
has been undertaken primarily in university, State,
and Federal projects; 28 States operate biocontrol
programs and most have cooperative efforts with
USDA agencies (U.S. Congress, 1995). Some crop
pests, such as the woolly apple aphid in thafiea
Northwest, have been largely controlled with this
method.

example—are being sold for managing weeds on
rangeland and uncultivated pastures (Poritz, 1996).

The California Environmental Protection Agency has
published a list of commercial suppliers of natural
enemies in North America since 1979, and the
number has increased steadily. In 1994, 132
companies were listed, mostly in the United States,
offering over 120 different organisms for sale
(Hunter, 1994).

Host Plant ResistanceCorn and soybean breeding

for genetic resistance to insects, disease, and other
pests has been the research and development focus of
major seed companies for many decades (Edwards

Natural enemies may also be “conserved” by ensuring and Ford, 1992). U.S. soybean acreage, for example,

that their needs—for alternate hosts, adult food
resources, overwintering habitats, a constant food
supply, and other ecological requirengenfire met,

and by preventing damage from pesticide applications
and other cropping practices (Landis and Orr, 1996).
Over half of the certified organic vegetable growers

in 1994 were providing habitat for beneficials (table
4.4.4).

“Augmentation” boosts the abundance of natural
enemies (native and imported) through mass
production and inundative or inoculative releases in
the field (Landis and Orr, 1996). An inundative
release—the most common augmentation
method—can be timed for when the pest is most
vulnerable and is used when the natural enemy is
absent or when its response to the pest pressure is
insufficient. An inoculative release may be made in
the spring for a natural enemy that cannot overwinter
in order to establish a population. Unlike the
importation and conservation approaches, the
augmentation method generally doext provide
permanent suppression of pests. Beneficial insects
were used on 3 and 19 percentlod surveyed
vegetable and fruitaeage irthe early 1990’s, and

by nearly 46 percent of the certified organic vegetable
growers (table 4.4.4).

A small but increasing number of companies are
supplying natural enemies of insects, weeds, and
other pests to farmers. For greenhouse and
agricultural crop production, most natural enemies
being sold—such as beneficial insects, predatory
mites, parasitic nematodes, and insect egg
parasites—are used for managing pest mites,
caterpillars, citrus weevils, and other insect and
arthropod pests. However, a number of natural
enemies—musk thistle defoliating weevils, for
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receives virtually no fungicides because of the
effectiveness of the disease-resistance soybean
cultivars that have been developed.

The use of classical breeding programs is now being
augmented with new plant breeding efforts using
transgenic and other genetic engineering techniques.
In March 1995, the EPA approved, for the first time,
a limited registration of genetically engineered plant
pesticides to Ciba and Mycogen Plant Sciences, and
in August 1995, granted conditional approval for full
commercial use of a transgenic pesticide to combat
the European corn borer (EPA, 1995). This plant
pesticide, Bt corn, is produced when the genetic
information related to insecticidal properties is
transferred from the Bt bacterium to the corn plant.
This technology could reduce the need for
conventional chemical insecticides in corn production.
In 1995, 26 percent of U.S. corn acreage was treated
with insecticides (table 4.4.1), and cdiorer is one

of the top insect pests targeted for treatment.

However, since these new corn varieties contain
natural genes and genes produced from the soil
bacteria Bt, many scientists are concerned that the
new corn will hasten pest immunity to Bt. This is
especially a concern for the growing number of
producers who rely on the foliar-applied Bt, and has
led the EPA to approve the new pesticides conditional
on the monitoring for pest resistance and the
development of a management plan in case the insects
become resistant.

The techniques used for developing disease-resistant
plants are similar to the immunization of humans by
vaccines. Small amats of plant viruses are inserted
into the plants, which subsequently become immune
to the diseases (Salquist, 1994). The plants are
capable of passing this trait from generation to
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generabn. For example, reaechers have developed base of research necessary to develop and implement
squash varieties that are naturally virus-resistant, thus cultural pest management and other ecosystem-based
preventing insect-borne viruses that can destroy up to pest management techniques is much greater than for

80 percent of the squash crop. A number of seed and synthetic chemical pesticides.

chemical companies and one university have been
field-testing insect- and virus-resistant plants,
developed with these genetic engineering techniques,
for several major field crops and vegetables (table
4.4.5).

While most classical bready programs have focused
on pests resistant to chemicals or treatmentsitaed
too expensive (Zalom and Fry, 1992b), consumer
concern over pesticides in agricultural products has
prompted biotechnology companies to enter the
genetically engineered plant market. As agricultural
biotechnology products attain commercial success,
some private investment funding may shift from the
smaller pharmaceutical markets toward agricultural
crop protection (Niebling, 1995). On the other hand,

consumer acceptance of the bioengineered Bt corn, Bt

Crop rotation is one of the most important of the
current cultural techniques. Eighty percent of U.S.
corn acreage was in rotation with other crops in 1995,
up slightly from 76percent in 990 (table 4.4.1).

Over half of the corn was being grown in rotation
with soybeans and about p&rcentwith other row

crops (see chapter 4Gropping Managementor

more detail on cropping patterns). Ninety percent of
soybeans were grown in crop rotations in 1995. Corn
producers rotating corn with other crops used
insecticides less frequently than did those planting
corn 2 years in succession (11 percera@es versus
46 percent). Corn is often grown as a monocrop in
heavy livestoclareas and where oiate limits the
soybean harvest period (Edwards and Ford, 1992).

cotton, and other genetically engineered crops has not Crop rotation was much less prevalent for cotton,

yet been demonstrated in major U.S. markets. A
1992 survey of U.S. consumer attitudes about food
biotechnology, published by North Carolina State
University, found that most consumers want
information on labels about various food
characteristics, including the uselwbtechnology
(Hoban and Kendall, 1993).

APHIS (Animal Plant Health Inspection Service) has
approved or acknowledged 638 field trials for

which has among the highest per-acre returns of U.S.
field crops. Less than one-third of the cotton
producers use this technique (table 4.4.1). Crop
rotation in wheat varies with the type being grown; it
was used on 77 percent of the spring crop but only 57
percent of the winter wheat crop in 1995. Crop
rotation was used for virtually all of the potato
acreage.

Cultivation for weed control is widelgracticed for

insect-resistant varieties since 1987 (24 percent of the field crops, mostly in conjunction with herbicide use.

total field trials approved or acknowledged), 286 field
trials to test viral resistance (pkrcent), and 94 field
trials for fungal resistance (3.5 percent).

Cultural Pest Management

A number of production techniques and
practices—including crop rotation, tillage, alterations

in planting and harvesting dates, trap crops, sanitation

procedures, irrigation techniques, fertilization,
physical barriers, border sprays, cold air treatments,
and habitat provision for natural enemies of crop

pests—can be used for managing crop pests. Cultural

controls work by preventing pest colonization of the
crop, reducing pest populations, reducing crop injury,
and enhancing the number of natural enemies in the
cropping system (Ferro, 1966).

These ecosysem-based pest control techniques are
knowledge-intensive, and widespread adoption by
growers would require major new funding for basic

and applied research (National Academy of Sciences).
The National Research Council also suggests that the
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Almost all of the potato and cotton acreageeieed
cultivations in 1995, along with g@ercent of corn.

For soybeans, cultivations dropped from 67 percent in
1990 to 41 percent in 1995 (table 4.4.1).

Field sanitation and water management (see glossary)
are widely used on fruit and nut crops, with 60
percent and 31 percent of the acreage under these
practices in the early 1990’s (table 4.4.4). For
vegetable crops, planting dates were adjusted as a
cultural control on 1%ercent ofthe surveyed crop

area. Water management was used by 44 percent of
the certified organic vegetable producers, and over
half were using adjusted planting dates to manage
pests.

Research on new cultural techniques such as
solarization—heating the soil to kill crop
pests—continues to emerge. However, most cultural
practices do not involve a marketable product, and
research and development depends almost entirely on
public sector funding (U.S. Congress, 1995). While
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cultural practices may bdfective for controlling
pests, reducing pesticide use, and lowering input
costs, these techniques require a knowledgeable
producer and growers may not be getting adequate
information about them.

Pest Management Programs and Initiatives

Pest management systems in the future will emerge
against the backdrop of continued consumer
preference for fewer farm chemicals and scientific
uncertainty about the ecological and health impacts of
chemical use. In addition to State and Federal
pesticide regulations, farmers’ pest management
choices will be influenced by the costs and risks of
pesticides and alternatives, the market for green
products, and other factors. USDA, EPA, and other
government agencies have initiated a number of
programs to encourage biological and cultural pest
management, including biointensive |R®search and
promotion, areawide pest management, regulatory
streamlining for biologicals, and national organic
standards development.

IPM Research and Promotion

On September 22, 1993, the EPA, USDA, and the
Food and Drug Administration (FDA) presented joint
testimony to Congress on a comprehensive
interagency effort designed to reduce the pesticide
risks associated with agriculture. The three goals of
this effort are to (1) discourage the use of higher risk
products, (2) provide incentives for the development
and commercializédn of safer products, and (3)
encourage the use of alternative control methods
which decrease the reliance aoxic and persistent
chemicals (Browner and others, B39 This joint
testimony also expressed support for integrated pest
management (with a goal of IPM programs on 75
percent oftotal U.S. cropacreage byhe year 2000),
ecosystem-based programs to reduce pesticide use,

market-based incentives such as reduced-pesticide us

food labels, and other efforts to help reduce pesticide
risks.

State Extension Service IPM programs are overseen
by designated IPM coordinators, mostly entomologists
who focus on developing interdisciplinary pest
management programs (Grey, 1995). Over half of
U.S. farmers are using a minimum level of
IPM—including scouting for insect pests and

applying insecticides when economic thresholds are
reached (Vandeman and others, 1994)—as opposed t
the conventional pesticide application method of

preventative, calendar-based spraying. Economic and

environmental studies have reported mixed results in
terms of the impacts of IPM scouting and thresholds
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on pesticide use (Rajotte and others, 1987; Mullen,
1995; and Ferguson and Yee, 1995; Fernandez-
Cornejo, 1996).

The first national study of biologically based IPM in
the early 1990's, jointly sponsored by USDA and
EPA, concluded that dozens of technical, institutional,
regulatory, economic, and other constraints need
addressing in order to achieve broader adoption
(Zalom and Fry, 1992a). Three constraints were
identified by all commaodity groups: (1) lack of
funding and personnel to conduct site-specific
research and demonstrations; (2) producer perception
that IPM is riskier than conventional methods, more
expensive, and not a shortrun solution; and (3)
educational degree programs that are structured
toward narrow expertise rather than broad knowledge
of cropping systems (Glass, 1992).

The current IPMniitiative in USDA, which has been
partly funded by Congress, attempts to address the
funding constraint and need for demonstrations and
highlights stakeholder involvement in priority setting
for IPM research (Jacobsen, 1996). A few IPM
research projects have started to examine biocontrols
and cultural practices for several commodities,
especially those that may not have adequate pest
management alternatives because of current or
pending EPA regulatory actions or voluntary pesticide
registration cancellations.

Areawide Pest Management Systems

USDA is also developing and implementing an
areawide pest management approach—through
partnerships with growers, commodity groups,
government agencies, and others—to contain or
suppress the population levels of major insect pests in
agriculture over large definable areas, as opposed to
on a farm-to-farm basis (Calkins and others, 1996).
Biological and cultural methods are the focus of most

f these areawide programs.

Some biological control tactics, such as sterile insect
releases, are most effae if implemented on a large
area that encompasses many farms (U.S. Congress,
1995). For example, corn rootworm is a highly
mobile pest as an adult and managemeexkjgected

to be more effecte over a largarea. The goals of

the program are to provide more sustainable pest
control, at costs competitive with insecticide-based
Jprograms, and to reduce the use of chemical
Insecticides in agriculture. One successful
biologically based areawide program was launched
against the screwworm, a major pdiagest of
livestock, pets, and humans. USDA began releasing
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sterile male screwworm flies into wild populations in
the 1950's, and by the early 1980’s the screwworm
becamehe only pest successfully eradicated from
the United States (U.S. Congress, 1995).

USDA currently has five biologically based areawide
IPM projects in various stages of evaluation, pilot
testing, and large area implementation (table 4.4.7).
The oldest, the Areawide Bollworm/Budworm Project
in Mississippi, was initiated in 1987. Under this
project, serious insect pests of Delta crops, especially
cotton, were managed successfully with natural insect
pathogens in small field tests. The project went into
a large-aredesting phase with 215,000 acres in 1994
and 1995.

Anotherareawide IPM project, the regial Coddling
Moth Areawide Management Program (CAMP), uses
pheromone mating disruption to control the coddling
moth, the primary insect pest of apples in California,
Oregon, and Washington. CAMP is a cooperative
effort between ARS and three universities, and it aims
to reduce organophosphate insecticide use by 80
percent in these apple- and pear-producing States
(Kogan, 1996). The coddling moth had grown
resistant to the organophosphate insecticide which
required growers to triple applications of that
chemical (Flint and Doane, 1996). Pilot testing of the
project began in 1995 on five sites, and initial results
indicate substantial reductions in organophosphate use
and a positive response from growers (Kogan, 1996).

Two projects are examining the areawide use of
attractants—semiochemical bait with tiny amtsuof
insecticide—to control corn rootworm in the

Midwest, and Mexican corn rootworm and cotton
bollworn in Texas and other States (Calkins and
others, 1996). The Federal Crop Insurance
Corporation has issued a crop insurance endorsement
to cover any crop losses that might occur in testing
sites.

Regulatory Streamlining for Alternatives

The EPA has facilitated the development of

biorational pesticides by establishing a tier approval
system in which, under sonegcumstances, several
tests are waived. These reduced regulation costs have
helped lower the development costs of biopesticides,
which are currently estimated at around $5 million

per product, compared with about $50-$70 million for
a chemical pesticide (Ollinger and

Fernandez-Cornejo, 1995).

The EPA is also making the regulation of biorational
pesticides less stringent than that of chemical
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pesticides. For example, Lepidopteran pheromones
may now be used experimentally on up to 250 acres
without an experimental-use permit and are exempted
from a food tolerance measuteegticides & Toxic
Chemical News

The EPA has also facilitated the use of minimum-risk
alternatives to toxic pesticides by establishing a
process for exemption from costly FIFRRederal
Insecticide, Fungicide, and Rodenticide Act)
requirements. Thirty-one substances (see box)
deemed to pose insignificant risks to human health
and the environment have recently been deregulated.
EPA considered whether the substaneese

common foods, had a nontoxic mode of action, had
FDA recognition as safe, had no information showing
significant adverse effects, persistence in the
environment and other factors. Supporters of the
draft proposal on exertipns felt that deregulation of
these substances would particularly benefit small
businesses and the organic industry and supported the
expansion of this list in the future, while opponents
were concerned about prodwtfectiveness (U.S.

EPA, 1996a).

National Organic Standards, Certification, and
Ecolabels

Organic farming systems focus on biological and
cultural methods for pest management and virtually
exclude the use of synthetic chemicals. In 1990,
Congress passed the Organic Foods Production Act to
provide consistent national standards to consumers for

Deregulated Minimum-Risk Pesticides

The following minimum-risk pesticides, mostly from
common food substances, were exempted from cost
Federal Insecticide, Fungicide, and Rodenticide Act
requirements by the U.S. Environmental Protection
Agency in a 1996 ruling: castor oil (U.S.P. or
equivalent), cedar oil, cinnamon and cinnamon oil,
citric acid, citronella and its oil, cloves and clove oll,
corn gluten meal, corn oil, cottonseed oil, dried
blood, eugenol, garlic and garlic oil, geraniol,
geranium oil, lauryl sulfate, lemongrass oil, linseed
oil, malic acid, mint and mint oil, peppermint and
peppermint oil, 2-phenethyl propionate (2-phenylethy
propionate), potassium sorbate, putrescent whole eg
solids, rosemary and rosemary oil, sesame and
sesame oil, sodium chloride (common salt), sodium
lauryl sulfate, soybean oil, thyme and thyme oail,
white pepper, and zinc metal strips.

Yy

Q=

Source: EPA, 1996a.
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Table 4.4.7—Implementation status of USDA'’s biologically-based areawide projects

Project and objectives

Methods

Extent of implementation

Preliminary results

Coddling Moth, Mating disruption 1995-1996: Late-season pesticide use
Pacific Northwest Resistant cultivars Randall Island, CA declined
(Apples, pears) Sanitation Medford, OR Natural enemies increased
Natural enemies Yakima, WA Secondary pests declined
Objective - reduce broad spec- Early season Bt Howard Flats, WA Fruit damage was below 0.1%
trum neurotoxic insecticide use  Sterile males Orovill, WA economic threshold
and maintain yields 1st generation moths were
1997 planned: reduced 80%
5 additional sites Input costs were higher
Western Corn Rootworm Monitoring 1996: 90% or more of the adults were

Northern Corn Rootworm,
Midwestern U.S.

Semiochemical traps
Semiochemical bait (includes

Brookings, SD

killed (below threshold level)
Natural enemies increased

(Corn) tiny amounts of carbaryl) 1997 planned:
lllinois and Indiana
Objective - reduce insecticide lowa
use and area treated, maintain Kansas
yields, and reduce pest popula-
tions
Mexican Corn Rootwo rm, Monitoring 1996: Adult population reduced below

Texas & Oklahoma
(Corn)

Objective - reduce insecticide
use and area treated; maintain
or increase yields

Semiochemical traps
Semiochemical bait (includes
tiny amounts of carbaryl)

Bell County, TX

1997 planned:
Bell County, TX

threshold levels; larvae will be
assessed next spring

No impact on beneficials
Increased management costs
offset by decreased input costs

Cotton Bollworm &
Tobacco Budworm,
Mississippi
(Cotton)

Objective - reduce insecticide
use and area treated, maintain
yields, and reduce pest popula-
tions

Monitoring with pheromone traps
Insect virus (Gemstar) used on
early-season weed hosts

1990-93:
Mississippi (0-64,000 acres)?

1994-95:
Mississippi (215,000 acres)

1996:
Mississippi (25,000 acres)

1997 planned:
Mississippi (215,000 acres)

1998 planned:
Mississippi (850,000 acres)

More than 70% of moths killed
Reduced insecticide use
Yields were maintained

Input and management costs
were lowered

1 UsDA's Agricultural Research Service (ARS) is administering these projects through partnerships with other Federal agencies, universities, commodity associa-

tions, and other stakeholder groups.

2 pilot test acreage varied due to changes in funding and experiment design, and testing was cancelled one year because of severe flooding.

Source: USDA, ERS, based on Calkins and others, 1996; Kogan, 1994; and personal communication with Carrol Calkins, USDA-ARS, Yakima, WA, Laurence
Chandler, USDA-ARS, Brookings, South Dakota; James Coppedge, USDA-ARS, College Station, Texas, and Dick Hardee, USDA-ARS, Stoneville, Mississippi.

organic production and processing methods. This enhances biodiversity, biological cycles, and soll

legislation requires that all except the smallest organic biological activity. It is based on minimum use of

growers be certified by a State or private agency off-farm production inputs, on management practices

accredited under national standards currently being  that restore and enhance ecological harmony, and on

developed. practiceshat maintain organic integrity through
processing and distribution to the consumer” (Ricker,

The National Organic Standards Board, which was 1996). USDA is expected to publish ttheaft

appointed by USDA to help implement the Act, national organic standards in the Federal Register in

currently defines organic agriculture as “an ecological 1997.

production management system that promotes and
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Organic Production National data indicate a

growing organic niche in the U.S. farm sector. A
recent survey of public and private organic
certifications indicated that there were at least 4,050
certified organic farms in the United States in 1994
with over a millionacres in organic pouction

(Dunn, 1995). And these statistics underestimate the
number of U.S. growers using organic production
methods, since the growers must farm organically for
at least 3 years before they can certify their
production under most certification organizations.

About 1 percent ofhe total U.S. fruit and vegetable
acreage is organic, a higher proportion than for field
crops, livestock feed, cotton, and other commodity
sectors. California, the largest fruit and vegetable
producing State, reports that organic farmers account
for about 2 percent of its 80,000 farmers (White,
1994).

Few case studies have examined yields, inpsiisco
income, and other characteristics of organic
production. A review of the economic liggure
published in the 1970’s and 1980’s concluded that the
“variation within organic and conventional farming
systems is likely as large as the differences between
the two systems,” and found mixed results in the
comparisons for mostharacteriscs (Knoblauch,

Brown, and Braster, 1990). Organic price premiums
are key in giving organic farming systems comparable
or higher whole-farm profits than conventional
systems (Klonsky and Livingston, 1994; Batte,
Forster, and Hitzhusen, 1993).

Organic agriculture is the most thoroughly

Organic food products account for only about 1
percent oftotal retail food sales, but organics are one
of the fastest growing segments of the industry.
Consumer demand for organic food products has
increased throughout the 1990’s. Retail sales of fresh
and processed organic food products reached $2.8
billion in 1995, and have increased over 20 percent
annually since 198Natural Foods Merchandiser
1996). Increases in the number of large-format
natural food stores, supermarket organic sections,
export markets and direct-marketing outlets, as well
as the expanding variety of organic foods, have fueled
this growth. Organic products are labeled at retail in
a variety of ways, including stickers, labels, signs,

and other methods that indicate the certification
organization or give other information.

Voluntary Environmental Standards In addition to
stronger pesticide regulations over the last decade,
voluntary codes for environmental stewardship and
responsible pesticide use in agriculture have begun to
emerge. These codes are instituted by the private
sector, enforced by firms themselves, use sanctions
such as peer pressure for compliance, focus on
life-cycle impacts, emphasize management systems,
and let firms define their own performance standards.
They can shift some of the environmental
management costs to the private sector, expand a
firm’s environmental focus beyond the scope of
regulation, help a firm integrate environmental and
business objectives, and foster long-term changes in a
firm’s environmental consciousness (Nash and
Ehrenfeld, 1996).

The Pesticide Environmental Stewardship Program

documented system of ecological pest management in was initiated in 1992 by EPA, USDA, and FDA to

the United States. At least 11 States and 33 private

facilitate this type of voluntary approach, inviting

agencies in the United States offer certification organizations that use pesticides or represent pesticide
services to organic growers to ensure they are using users to join as partners (U.S. EPA, 1996b). Partners
the ecologically based standards associated with agree to implement formal strategies to reduce the use

organic farming systems. California Certified
Organic Farmers is a private certification organization
and the oldest certifier in the Nation.

Certified Organic LabelsOver half the States have
laws that regulate the production and marketing of
organic food, and about half the States require State
or private certification of products amgerations to
ensure that they are using only approved materials

and risk of pesticides and to report regularly on
progress. Membership in this stewardship program
has grown to 41 partners, including many commaodity
groups across the country, and represents at least
45,000 pesticide users. The California Department of
Agriculture has established a similar program, the
IPM Innovators Program, to recognize individuals and
groups that have demonstrated leadership in
voluntarily implemented systems that reduce pesticide

and practices. National standards under development risks (Brattesani and Elliott, 1996) and to raise the

in USDA are expected to facilitate international trade
as well as enhance consumer confidence in organic
food commodities.
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environmental consciousness of other groups that use
pesticides and inspire them to voluntarily adopt
similar activities. Also, some States are examining
the potential benefits of IPM certification, while
Massachusetts is already opergta “Partners with
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GLOSSARY

Chemical Methods wintering pest habitat, or encourages pest problemg
- _— . . in other ways.
Banded pesticide applicatior-the spreading of pesti-
cides (herbicides, insecticides, or fungicides) over, or Tillage—can destroy pests in a variety of ways, for exan

next to, each row of plants in a fields. Banding herbi- ple, by directly destroying weeds and volunteer crof
cides often requires row cultivation to control weeds plants in and around the field.

in the row middles.

Water management—water can be used as a pest man-
agement technique either directly, by suffocating in-
sects, or indirectly, by changing the overall health o

Broadcast pesticide applicatior—the spreading of pesti-
cides (herbicides, insecticides, or fungicides) over
the entire surface area of the field.

the plant.
Economic thresholds—levels of pest population which, Biological Methods
if left untreated, would result in reductions in reve-
nue that exceed treatment costs. The use of eco- Beneficials—organisms that are pest predators and parar
nomic thresholds in making pesticide treatment sites and weed-feeding invertebrates that are used fo
decisions requires information on pest infestation lev- control crop pests and weeds.

els from scouting.
Habitat provision for natural enemies—growing crops

Pesticides—the Federal Insecticide, Fungicide, and and/or developing wild vegetative habitats to pro-
Rodenticide Act (FIFRA) defines a pesticide as “any vide food (pollen, nectar, non-pest arthropods) and
substance or mixture of substances intended for pre- shelter for the natural enemies of crop pests.

venting, destroying, repelling or mitigating any pest,
and any substance or mixture of substances intended Biochemical agents—include semiochemicals, plant

for use as a plant regulator, defoliant, or desiccant.” regulators, hormones, and enzymes.
Pre-emergence herbicide-herbicides which are applied  Bacillus thuringiensis Bt— bacteria that is used to con-

before weeds emerge. Pre-emergence herbicides trol numerous larva, caterpillar, and insect pests in

have been the foundation of row-crop weed control agriculture;Bacillus thuringiensivarietieskurstaki

for the past 30 years. andBacillus thuringiensivarietiesaizawaiare com-

monly used strains. In addition, some new varieties

Post-emergence herbicides-herbicides which are ap- of corn contain natural genes and genes produced

plied after weeds emerge. Post-emergence herbi- from the soil bacteria Bt to give them host-plant

cides are considered more environmentally sound resistance to certain insect pests.

than pre-emergence herbicides because they have lit-

tle or no soil residual activity. Gemstar— naturally occurinddelicoverpa zeauclear

polyhedrosis virus.
Scouting—checking a field for the presence, population

levels, activity, size, and/or density of weeds, in- Microbial pest control agents—bacteria, such &Bacil-
sects, or diseases. A variety of methods can be used lus thuringiensisyiruses, fungi, and protozoa and
to scout a field. Insect pests, for example, can be other microorganisms or their byproducts.
scouted by using sweep nets, leaf counts, plant
counts, soil samples, and general observation. Semiochemicals—pheromones, allomones, kairomones,
and other naturally or synthetically produced sub-
Cultural Methods stances that modify insect behavior.

Crop rotation —alternating the crops grown inafield on 145 cropping—planting a small plot of a crop earlier
an annual basis, which interrupts the life cycle of in- than the rest of the crop in order to attract a particu
sect pests by placing them in a non-host habitat. lar crop pest; the pests are then killed before they a
tack the rest of the crop.

Planting and harvesting dates—alterations in planting

date and harvest date to avoid damaging pest infesta- gterile male technology-the male of the pest species is
tions. Delayed planting of fall wheat seedlings may produced with inactive or no sperm, and is used to
help avoid damage from the Hessian fly, for example. disrupt reproduction in the pest population.

Sanitation procedures—removing or destroying crops
and plant material that are diseased, provides over-
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Nature” program to recognize growers who follow a
set of IPM certification guidelines (Van Zee, 1992).

Author: Catherine Greene, (202) 219-0466
[cgreene@econ.ag.goMEontributors: Jorge
Fernandez-Cornejo, Merritt Padgitt, Sharon Jans,
and Sarah Lynch
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